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Hearing impairment from birth
Auditory deprivation, due to hearing impairment during the period of plasticity of 
the auditory cortex leads to developmental problems in various domains such as 
language, social- and emotional and cognitive development [1]. With an incidence 
of 1 to 1.30 per 1000 births, each year approximately 200 children in the Netherlands 
are born with an unilateral or bilateral hearing impairment [2]. Knowing that hearing 
and perception of language starts in utero, children with congenital hearing 
impairment are already at risk for a developmental delay [3]. Deafness or profound 
hearing impairment has a tremendous impact on the development of spoken 
language and therefore on daily verbal communication: especially for the hearing 
impaired (HI) children that are born in hearing families with spoken language as 
main form of communication, which is the case in 95% [4]. This poorer development 
of spoken language restricts learning and literacy [5]. Also a higher prevalence of 
psychosocial problems is noted in these deaf and profoundly HI children [6-10]. 
Whether onset of deafness is congenital or prenatal: late intervention leads to poor 
developmental outcomes [1, 11-13]. Therefore, early identification and intervention 
within the sensitive period of plasticity of the auditory cortex, 0-4 years, is highly 
recommended [1, 13, 14]. For this reason the neonatal hearing screening program 
is available for all newborns in the Netherlands since 2006 [15].
Cochlear implantation
Developmental prospects for deaf and profoundly HI children improved substantially 
since the 1990s due to cochlear implants (CIs). A CI provides auditory input via 
electrical stimulation of the cochlear nerve after activation of this surgically implanted 
device, to enable auditory access to sound and thus, spoken language. It bypasses 
damaged or missing hair cells and directly stimulates the neurons of the auditory 
nerve [16]. A CI consists of an external (microphone, speech processor and battery) 
and internal (receiver) part. The microphone in the external part picks up the sound 
and sends the information to the speech processor, which converts the sound 
signal into an electromagnetic signal. The receiver (internal) decodes the electro-
magnetic signal into electrical pulses and passes these on to the electrodes 
attached to the neurons of the auditory nerve (figure 1). A healthy functioning ear 
has approximate 30.000 neurons, whereas a CI has only 22 electrodes that could 
stimulate subpopulations of neurons of the auditory nerve. This makes hearing 
through a CI different from normal hearing [16]. Despite the low number of 
stimulated neurons, nowadays most children who are early implanted have the 
ability to develop sufficient speech recognition and perception to achieve age- 
appropriate language development [17-19]. 
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CHAPTER 1
The choice for intervention regarding hearing device often has to be made by 
parents in the first years of the child’s life and depends on the type and severity of 
the hearing impairment [17]. For the participants in this thesis conventional hearing 
aids were indicated for HI children with a mild to severe (30 – 84 dB SPL) hearing 
impairment and CIs for profoundly and deaf sensorineural HI children (≥ 85 dB SPL) 
[20]. For children and adults with progressive sensorineural hearing impairment and 
fitted with conventional hearing aids, CI is considered when speech perception 
scores (aided) drops below 50%, or even below 70% if progression is rapid [21].
Figure 1. Cochlear implant
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It is inevitably to have access to language in order to learn this language. Prior to the 
application of CI, profoundly HI children had diminished or no access to spoken 
language which resulted in delays in speech and language development compared 
to hearing peers. Sign language is the initial way to communicate, however 
sign language is often simplified between HI children and hearing parents with 
impoverished language development as consequence [5]. Due to cochlear 
implantation, profoundly HI children’s speech recognition and perception improved 
substantially [18, 19]. Besides speech recognition and perception is the quantity and 
quality of language input also essential for language development. Research shows 
that HI children who experienced more language input from caregivers had larger 
vocabularies and made greater progress in vocabulary compared to children whose 
caregivers talked less [22]. Also more frequent use of social and emotional language 
(e.g., “believe”, “think,” or “love”) in communication with the HI child by caregivers is 
positively associated with HI children’s later social language understanding [23]. 
Although speech recognition and perception improved in children with CIs, 
for children with unilateral CI, speech perception is hindered by background noise 
[24, 25]. Even with bilateral CI hearing in noise still remains difficult and is not the 
same as in normal hearing listeners [26, 27]. In most environments were these 
children participate in, they are confronted with situations were speech in noise 
occurs, like family’s with siblings, daycare, classrooms or crowded places outdoor. 
Therefore, they benefit less from incidental learning situations like overhearing a 
conversation between peers or parents [28]. This reduces quantity and quality of 
language. Besides the difficulties in hearing with CI, research has shown that 
language use in caregivers of HI children differs from caregivers of hearing children 
and effects quality of spoken language. Due to fear of misinterpretation caregivers 
reduce the linguistic complexity of communication with their HI child [28]. 
Sentences are shorter and communication is more often in a directive manner 
(e.g., “Come over here.” “Put on your shoes.”)[29]. Therefore refinements in social 
and emotional language are more limited, with impoverished vocabulary of social 
and emotional language development as a consequence [28, 30]. Research has 
shown that profoundly HI children with CI lagged behind their hearing peers with 
regard to complex linguistic development and verbal cognitive tasks [31-34].
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In the early years children spend most of their time with their parents. Therefore 
parents play a crucial role in the psychosocial development of their children [30, 
35]. The vast majority of HI children have hearing parents [4], often with hearing 
siblings. As a consequence, the environments are mainly oriented towards spoken 
language and verbal communication. Research has shown that hearing parents 
may not be sensitive enough to the communication and social needs of their 
profoundly HI children [35]. The linguistic complexity of communication with their 
profoundly HI child is reduced [28] and communication is more directive and 
explicit [29, 30]. The fundament for exploratory, learning and social behavior in later 
life has been set in the early years. Therefore, early communicative interactions 
between parents and their profoundly HI children can have detrimental implications 
for psychosocial development when children become older [35]. For profoundly HI 
children with diminished spoken language opportunities it is hard to understand 
auditory and linguistic refinements of social and emotional language, such as 
intonation, sarcasm and recognizing emotions and mental states of other people. 
This interferes with the understanding of people, culture, emotions and social rules 
and leads to psychosocial developmental problems [28, 30, 35]. Even though CI 
improves hearing and language development, the perception of sound and speech 
is still not the same as in normal hearing peers [26, 27]. Knowing that hearing, 
language and communication development is related to psychosocial development 
it is important to realize profoundly HI children with CIs are still at risk for psychosocial 
developmental problems [36-38]. The relations between hearing impairment, language 
and psychosocial development are visualized in Figure 2. In this thesis psychosocial 
development is divided in three outcome measures: behavioral problems, self- 
concept and personality traits.
Behavioral problems
Psychosocial development can be a predictor for performance in everyday life. 
As a result of impaired language and communication development social and 
emotional behavioral problems are often reported in profoundly HI children without 
CIs [6-10]. Profoundly HI children have limited possibilities to achieve and understand 
refinements in social and emotional situations. Emotion regulation seems impaired 
[39] and communicative abilities are reduced [40]. Therefore the frequency of 
behavioral problems in profoundly HI children without CIs, approximate 30-50%, 
is disturbingly higher than in hearing peers, of whom 16% showed behavioral 
problems. Externalizing behavioral problems as conduct problems, aggression and 
hyperactivity, and internalizing emotional problems as depression, anxiety and 
withdrawal behavior are frequently reported [6-9, 40-42]. One would assume 
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that due to CI, and therefore improved speech perception and language abilities, 
a decrease in frequency of behavioral problems would be observed. Indeed less 
frequencies of behavioral problems have been found in profoundly HI children with 
CI than in profoundly HI children without CI in the beforementioned studies. 
However there is no accordance about the frequencies of behavioral problems [36, 
43, 44]. And more often frequencies have not been reported [37, 45-47]. This has 
led to the first aim of this thesis: investigate the frequency of behavioral problems 
in Dutch profoundly HI children with CIs which is described in chapter 2.
Chapter 2: Frequencies of behavioral problems reported by parents and 
teachers of hearing-Impaired children with cochlear implants
This chapter presents the frequencies of behavioral problems in Dutch profoundly 
HI children with CIs based on multi-informant results of parents and teachers. 
Results were compared to a Dutch normal hearing normative sample. Furthermore 
relations between speech perception, language  and the frequencies of reported 
behavioral problems were investigated.


















Demographic and medical background:
Age, Gender, Etiology, Degree of HI, Implantation age, Uni- or bilateral fitting. 
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Another outcome measure of psychosocial development of children is self-concept. 
Self-concept can be defined as the perception of thoughts, feelings  and beliefs of 
one self [48] and is often seen as the cognitive aspect of the perception of our self 
[49]. At approximate 8 years of age the development of self-concept commences. 
At that age a child begins interpreting his/her own cognitions, feelings and abilities 
and also considers feedback from others [50-52]. It evolves through reflections and 
evaluations about our interactions and social comparison with others and the 
world around us [48, 53-55]. Self-concept is part of psychosocial development and 
related to behavioral problems: negative self-concept leads to higher levels of 
emotional and behavioral problems (e.g., depression, anxiety, conduct disorders) 
[56-58]. Knowing that hearing impairment interferes with communicational problems 
in the hearing world, it is not surprising that profoundly HI children without CIs 
experience problems in the social acceptance and close friendship domains of 
self-concept [59]. However, little is known about the impact of CI on self-concept 
whereas most research has been conducted on the more emotional aspect of 
the impact of CI on the perception of our self: self-esteem [60-62]. Therefore the 
second aim of this thesis was: to assess self-concept in children and adolescents 
with CI. This is described in chapter 3.
Chapter 3: Self-concept of children and adolescents with cochlear implants
In chapter 3 self-concept of children and adolescents with CI was investigated. 
Results were compared to a Dutch normal hearing normative sample. CI children 
were divided in two subgroups, based on educational setting (e.g. mainstream 
educational settings and special HI educational settings) whereas the educational 
setting determines the type of peer group which children compare themselves to. 
Correlations amongst speech perception, language, self-concept and other study 
variables were determined.
Personality traits
Psychosocial development also includes the development of personality traits. 
Personality develops during the transition from childhood to adolescence and 
stabilizes in adulthood [63, 64]. A social acceptable development of personality 
traits corresponds to expectations of the social environment. These expectations 
are called developmental tasks and in adolescence include: autonomy, emotional 
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independence, developing close relationships and achieving socially responsible and 
emotionally stable behavior [65, 66]. The transition from childhood to adolescence 
is a challenging period which interferes with the social environment, therefore one 
would expect that this period may be even harder for profoundly HI children with 
CIs. Research on the effect of HI on the development of personality traits in 
adolescents is scarce. The attainment of developmental tasks like developing 
close relationships with peers, achieving socially responsible and emotional stability 
and independence behavior can be complicated by hearing impairment [67-70]. 
Research in personality traits of adults with hearing impairment who had low 
speech perception results shows that they were less assertive, less interested in 
others and had more self-aggressive tendencies [70]. To the best of our knowledge 
no research has been conducted on personality traits in profoundly HI adolescents 
with CI. Which has led to the third aim of this thesis: investigate the personality traits 
of profoundly HI adolescents with CI, which is described in chapter 4.
Chapter 4: Personality traits of profoundly hearing impaired adolescents 
with cochlear implants – a comparison with normal hearing peers
Chapter 4 describes the results of the research in personality traits of adolescents 
with CI. These results were compared to the Dutch normal hearing normative sample 
of the questionnaire. The hypothesis was that personality traits of adolescents with 
CI with relatively high speech perception and/or adequate language would be 
comparable to those of the normal hearing normative sample.
Executive function
Another predicter for performance in everyday life is executive functioning (EF). EF 
refers to a set of higher order cognitive processes, which are necessary for adaptive 
and goal-oriented behavior. EF is involved in the self-regulation of thoughts, actions 
and emotions and includes skills such as planning, working memory, attention, 
inhibition, flexibility and problem solving [71-73]. EF seems a good predictor of 
everyday life because it is strongly related to language development, academic 
achievement and learning related behavior [74-76] as also to psychosocial 
development and behavioral problems [77-79]. 
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CHAPTER 1
Research shows that hearing impairment is associated with EF outcomes; such that 
greater hearing impairment leads to lower EF outcomes [80]. Hearing impairment 
makes listening tiring, stressful and effortful. Greater cognitive resources are needed 
for the perception of sound and speech, also known as listening effort. This could 
be detrimental for the cognitive resources needed for other cognitive processes as 
EF [80-83]. In profoundly HI children with CI, EF skills such as short-term and 
working memory, planning, attention and inhibition are poorer than in normal 
hearing peers [84, 85]. Hall et al [86] state that EF problems in HI children do not 
result primarily from hearing impairment. Language development seems crucial 
for the development of EF. This relation between language and EF is likely 
bidirectional [87, 88]. The strong relations between hearing impairment, language, 
EF development and psychosocial problems make HI children at risk for problems 
in these developmental areas. So these are important topics of research in long- 
term developmental outcomes of profoundly HI children with CIs. The described 
relations between hearing impairment, language, listening effort, EF and psychosocial 
development are visualized in the theoretical model of this thesis, presented in 
figure 3.
Cochlear implants or hearing aids
In the past years several interventions have led to more favorable outcomes in 
terms of speech perception and language development for profoundly HI children 
with CI. Due to the introduction of the neonatal hearing screening program, early 
detection and intervention is possible [15]. CI intervention before the age of 12 to 
24 months has turned out to be essential to achieve adequate speech perception, 
language and developmental outcomes [1, 18, 89]. And as a result of the introduction 
of bilateral CI, profoundly HI children can benefit from the advantages of bilateral 
hearing like speech perception and sound localization [90]. There is a debate 
whether severely HI children could also benefit from CIs over hearing aids [91-93], 
knowing that early implanted profoundly HI children with CI achieve speech 
perception scores that are better than severely HI children with hearing aids. Results 
of profoundly HI children with CIs are even comparable to moderate HI children 
with hearing aids [92, 94, 95]. The debate about the benefits of CI in severely HI 
children is of utmost importance, since speech perception is an important prerequisite 
for language development, psychosocial development and EF development. For early 
implanted bilateral CI users, nowadays, full participation within the hearing society 
has become a realistic goal. For severely HI children wearing hearing aids it could 
be possible that improved speech perception, due to CI, could lead to improved 
language development and therefore also improved EF development. As also: 
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reduction of listening effort, due to CI, could lead to less cognitive load and therefore 
to more and better cognitive resources as EF and better language development 
in severely HI children who now wear hearing aids. Therefore the fourth aim of this 
study was to determine if severely HI children with hearing aids are disadvantaged 
in their developmental opportunities regarding the perception of speech, language 
and EF. Would they benefit more from CIs over hearing aids? This study is described 
in chapter 5.
Chapter 5: Cochlear implants or hearing aids: speech perception, language 
and executive function outcomes
Chapter 5 presents the auditory, language and EF results of profoundly HI children 
with CI and severely HI children with hearing aids. Outcome measures were speech 
perception on conversation level and soft speech level, language and EF development 
results. Differences between groups were presented and correlations between 
speech perception and other outcome measures were investigated.




















Demographic and medical background:
Age, Gender, Etiology, Degree of HI, Implantation age, Uni- or bilateral fitting.
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In the past, one third to almost half of the profoundly hearing-impaired children 
with hearing aids showed behavioral problems. Also, a vast body of research in 
literature reported considerably less favorable speech perception and language 
acquisition outcomes for profoundly hearing-impaired children who used conventional 
hearing aids as compared to those reported in more recent studies regarding 
profoundly hearing-impaired children who use CIs. Considering the relation between 
language proficiency and behavioral problems that has often been reported, 
the favorable speech perception and language acquisition in the children who use 
CIs was expected to facilitate the development of context appropriate behavior. 
Therefore, the first aim of this study was to investigate the frequency of behavioral 
problems reported by parents and teachers in children with CIs as compared to 
the hearing normative sample. The second aim was to measure the parent-teacher 
agreement rates. The third aim was to investigate the relation between speech 
perception, language skills and the frequencies of reported behavioral problems. 
 In this study standardized and normed Dutch versions of questionnaires for 
the assessment of problem behavior have been completed by the parents 
(Child Behavior Checklist) and teachers (Teacher Report Form) of 71 profoundly 
hearing-impaired children with CIs, with an average age of 8;6. The frequency of 
problem behavior in children with CIs was compared to that of the Dutch normative 
sample with chi square tests. Parent-teacher agreement was measured with the intra - 
class correlation coefficient. Speech perception was assessed with a standardized 
open-set monosyllable recognition test at conversational loudness. Receptive 
vocabulary was assessed with the Peabody Picture Vocabulary Test. In order to 
categorize the effect of the combined auditory-language abilities on behavior, four 
categories of performance were derived from the phoneme perception scores and 
the language quotient scores Chi square tests were used to compare the frequencies 
of reported problem behavior amongst ability categories. 
 The results of the present study show that only 14 % of the parents reported 
(total) behavioral problems in the children with CIs and only 18% was reported by 
teachers. This is well in line with the Dutch normative sample (22 and 19% resp. in 
children between 6-16 years old). The parent-teacher agreement at the internalizing, 
externalizing and total problem behavior scales was fair to low.  More than half 
(56%) of the children showed sufficient auditory speech perception scores (>85%) 
and age adequate language quotients (≥85). In children in the lowest performance 
category, a significantly higher frequency of behavioral problems was reported 
than in children in the highest performance category, by their teachers in the 
school setting.
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 The frequencies of behavioral problems reported by parents and by teachers 
of the profoundly hearing-impaired children with CIs were considerably lower as 
compared to those reported in preceding literature regarding profoundly hearing- 
impaired children who use hearing aids which is probably a consequence of the 
favorable level of speech perception and language abilities of the children with CIs 
in our study. As the parent-teacher agreement in behavioral scales in this study was 
low, the use of a multi-environment approach is advised in the assessment of 
behavioral problems. Auditory speech perception skills and language abilities are 
found to be protective factors for the development of context appropriate behavior 
in profoundly hearing-impaired children with CIs.
Introduction
Prior to the application of cochlear implants (CIs), profoundly hearing-impaired (HI) 
children used to have limited to no auditory access to sound and spoken language. 
The perception of speech and interaction with the environment is required for 
communication and the development of spoken language [1, 2]. Language is 
known to support emotional self-regulation and social-cognitive competence. The 
lack of understanding of the auditory and linguistic refinements of social and 
emotional language, such as intonation, sarcasm, recognizing emotions and the 
ability to attribute mental states of other people, interferes with the understanding 
of people, culture, emotions and social rules [3-5]. Therefore, profoundly HI children 
with limited or no access to spoken language are at risk for developing social and 
emotional problems [6, 7]. Indeed, enormous percentages reaching approximately 
30 to 50% of profoundly HI children fitted with or without hearing aids were 
reported to exhibit behavioral problems [8-12]. Behavioral problems can be divided 
into externalizing and internalizing behavioral problems. Externalizing behavioral 
problems in HI children manifest in behavioral symptoms such as conduct 
problems, aggression and hyperactivity [8-15]. Internalizing behavioral problems 
manifest in emotional symptoms such as depression, anxiety, withdrawal behavior 
and thought and attention problems [6, 9-11, 14-16]. The frequency of behavioral 
problems in profoundly HI children without CIs is disturbingly higher than in a 
Dutch normative sample of normal hearing peers, of whom 16% showed behavioral 
problems [10, 17]. Even more concerning is that only a small proportion of 
approximately 10% of HI children with emotional or behavioral problems were 
referred for professional help [11]. The guidance of profoundly HI children with 
behavioral problems therefore requires substantial effort from and skills of the 
parents and teachers. Especially for children in special educational settings for the 
deaf, these children show more behavioral problems than those in mainstream 
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education [18]. Therefore, parents and teachers need more support and training to 
prevent or remediate emotional and behavioral problems in profoundly HI children [3].
Currently, CIs can provide children with severe or profound deafness auditory access to 
sound and often levels of spoken language communication [19-23]. Especially early 
cochlear implantation before the age of 12 months provides profoundly HI children 
more abilities to develop sufficient speech recognition and perception to achieve 
age-appropriate language development [24-26]. Whereas it has been expected that 
improved language skills will decrease emotional and behavioral problems in 
profoundly HI children without CIs [6], it is hoped that, based on improved hearing 
and language development after cochlear implantation, a decrease in the frequency 
of behavioral problems is also observed in these children. 
 Indeed, several studies found that better language and communication skills 
were related to fewer behavioral problems in CI children [15, 27, 28]. In addition, 
some studies found that children with CIs even show similar levels of behavioral 
problems to their normal-hearing peers [15, 29-32]. This finding reflects a major 
improvement for profoundly HI children since the introduction of CIs. However, 
some studies still report that children with CIs show more externalizing behavioral 
problems, internalizing behavioral problems and peer problems [29, 30, 33]. Despite 
much research on social and emotional development in CI children, there is still 
no consensus about the frequency of behavioral problems. These frequencies 
range from nine percent [34] to 20-30% [30, 32, 33]. Studies with young children 
(M=5.1 years) with an early age of implantation (M=16 months)[34] reported fewer 
behavioral problems than studies with an older test age (>11 years) and a later age of 
implantation (>3.8 years)[30, 32, 33]. However, in most studies, the frequencies of 
behavioral problems were not reported [16, 18, 29, 31, 35].
 Behavioral problems are often determined by questionnaires. However, question- 
naires are highly specific with regard to the context as well as the children’s behavior 
[36, 37]. Parental questionnaires, especially those completed by the parent with 
greater exposure and knowledge of the child’s behavior, seem to be representative 
of the child’s behavior at home [38, 39] but not at school. Therefore, information 
gathering about behavioral problems in children should be based on multi-informant 
information from different contexts [37, 40]. In the aforementioned studies on behavioral 
problems in children with CIs, almost all studies used parental questionnaires only 
or combined them with self-reported questionnaires for children. Only Huber and 
Kipman [30] and Huber et al [29] used parental questionnaires combined with teacher 
questionnaires. Huber and Kipman [30] found that teachers rated significantly more 
CI children with peer problems and clinical behavioral problems than did parents, 
with a parent-teacher agreement correlation of .40.
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The first aim of this study is to investigate the frequency of behavioral problems in 
children with CIs. Next we want to compare these frequencies to that of a hearing 
normative sample. Additionally, agreement between the parents’ and teachers’ 
rates on the internalizing, externalizing and total behavioral problem scales are 
measured. Finally, the relation between speech perception and language skills with 
the frequencies of reported behavioral problems is investigated.
Materials and Methods
Participants
Participants were retrospectively included based on consecutive sampling as part 
of standard CI follow-up between June 2011 and June 2016. The inclusion criteria 
were as follows: 1) between 2.5 and 16 years old, 2) being able to participate in the 
speech perception test, 3) being able to participate in the receptive vocabulary test 
and 4) parents and teachers both returned the behavioral questionnaires. All 
children with a bilateral unaided pure tone average of 90 dB or higher averaged 
over the frequencies of 1000, 2000 and 4000 Hz before cochlear implantation. 
The parents and teachers of 71 children both returned the behavioral questionnaires. 
Only these children were included in this study. Of 12 children, only the parents 
returned the questionnaires, and of 25 children, only the teachers returned the 
questionnaires. These children were excluded from this study.
The children attended one of three types of educational settings: mainstream 
education, education for profoundly HI/deaf children (Special HI), and education 
for children with other special needs (Special Other). Of the three children attending 
the Special Other educational setting, one child was diagnosed with ADHD and 
ASS, one child was diagnosed with cerebral palsy and one child was diagnosed with 
developmental disabilities due to Noonan syndrome.
 Most of the other children with additional problems in mainstream or special 
settings were diagnosed with ADHD or ASS or had motor disabilities or learning 
problems. Descriptive statistics of the CI participant group are listed in Table 1. 
 The participants were divided in two groups based on age, 1.5 – 5 years and 
6 – 16 years. Descriptive statistics of both groups are presented in Table 1. 
The frequencies of behavioral problems in CI participants in the range 6-16 years 
were compared to a Dutch normative sample of 1,417 children aged from 6 to 
16 years, of whom 50% were male and 50% were female. Fifty-four percent of 
the normative sample were between 6-11 years old, and 46% were between 
12-16 years old [41].
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n % n (%) n (%) p
Gender
     Girl 36 51 10 (48) 26 (52) .80
     Boy 35 49 11 (52) 24 (48)
Age at implantation
     < 3 years old 55 77 21 (100) 34 (68) .002*
     ≥ 3 years old 16 23 0 (0) 16 (32)
Etiology of hearing loss
     Congenital 60 84 17 (81) 43 (86) .12
     Acquired 7 10 4 (19) 3 (6)
     Idiopathic 4 6 0 (0) 4 (8)
Uni- or bilateral
     Unilateral 32 45 8 (38) 24 (48) .60
     Bilateral 39 55 13 (62) 26 (52)
Educational setting
     Mainstream 38 54 10 (48) 28 (56) .81
     Special HI 30 42 10 (48) 20 (40)
     Special other 3 4 1 (4) 2 (4)
Additional problems
     Yes 11 15 2 (9) 9 (18) .49
     No 60 85 19 (91) 41 (81)
M (SD) Range M (SD) M (SD) p
Test age (years) 8.6 (3.3) 2.5-15.8 5.0 (0.8) 10.2 (2.7) .000*
Age at implantation (years) 2.2 (1.7) 0.6-10.6 1.2 (0.5) 2.7 (1.9) .001*
Duration of implant use (years) 6.4 (2.9) 1.9-13.3 3.8 (0.8) 7.5 (2.8) .000*
Note: * p <.05
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Behavior questionnaires for parents and teachers
The Dutch version of the Child Behavior Checklist (CBCL) and the Teacher Report 
Form for teachers (TRF) [42-44]. Children between 1.5 - 5 years old were assed with 
the CBCL/1½-5 and the caregiver-TRF (C-TRF). The children between 6-16 were 
assessed with the CBCL/6-18 and the TRF. These standardized and validated 
questionnaires comprise questions about a child’s emotional state and behavior. 
Response options are: 0 = not at all, 1 = a little or sometimes, 2 = clearly or often. 
Scores were tallied for the Internalizing, Externalizing and Total Behavior Problem 
broadband scales. The Internalizing Problem Scale covers anxiety and depressive 
problems, and the Externalizing Problem Scale covers aggressive and rule-breaking 
behavior. Raw scores were converted to T-scores after correcting for age and 
gender; next, the T-scores were classified into two categories: normal or deviant. 
A T-score ≥ 60 reflects a deviant score. A deviant behavior score indicates a 
significantly higher prevalence of dysfunctional behavior.
Auditory speech perception
Auditory speech perception was assessed using a standard Dutch open-set 
identification test for children aged up to 16 years old containing the consonant – 
vowel – consonant words of Bosman and Smoorenburg [45]. This test was carried 
out in a sound-treated booth by an audiologist. Stimuli were presented in the sound 
field at a presentation level of 65 dB SPL. Scores are expressed as a percentage of 
correctly recognized phonemes. Scores at or above 85% are considered good speech- 
recognition scores clinically by Hicks and Tharpe [46] as well as in our clinic.
Receptive vocabulary
Receptive vocabulary was assessed with the Peabody Picture Vocabulary Test-III-NL 
(PPVT) by Dunn and Dunn [47]. The PPVT is a standardized and validated test for 
persons aged from 2.3 to 90 years. A series of four pictures per page are presented 
to the child. The examiner states a word describing one of the pictures; then, the 
child has to point to the picture the word describes. The outcomes are expressed 
as a receptive vocabulary quotient. The average age-appropriate quotient is 100 
(SD 15).
Procedure
After a technical inspection of the CI, speech perception assessments were carried 
out by an audiologist or audiologist assistant. Before or after the technical inspection 
and speech perception test, the receptive vocabulary test was conducted by a 
language and speech pathologist or speech therapist. Parents were requested to 
complete a parent questionnaire about behavior problems at home and were 
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provided a teacher questionnaire with the request to give it to the child’s teacher. 
They received the questionnaire with standardized instruction information and 
prepaid return envelopes for both questionnaires. The time period for returning the 
questionnaires was as soon as possible but within 3 months of the CI follow-up 
date. The questionnaires were analyzed by a psychologist. Children and their 
parents received an evaluation report afterwards. Data for this study were retro-
spectively collected by file study.
Ethical considerations
The study was carried out in accordance with the recommendations of the 
Committee on Research Involving Human Subjects of the Radboud University 
Medical Center. All parents of the participants gave written informed consent for 
the use of the patient’s file data in accordance with the Declaration of Helsinki.
Statistical Analyses
First, we investigated the frequencies of clinical deviant behavioral problems in 
CI children on the CBCL and TRF Internalizing, Externalizing and Total Behavioral 
Problem Scales. Next the frequencies of CI children aged 6-16 with normal and 
deviant behavior reported by parents and teachers were compared to the 
frequencies of children classified with normal and deviant behavior reported by 
parents and teachers of the normal hearing Dutch normative sample [41] with the 
chi square test for goodness of fit (p < .05). The agreement between the parents’ 
and teachers’ rates on the internalizing, externalizing and total behavioral problem 
scales was tested with the two-way random total agreement intraclass correlation 
coefficient (ICC 2,1) (p < .05). The cutoff scores of Cicchetti [48] was used. An ICC 
level below .40 is classified as a low parent-teacher agreement; between .40 and 
.59, the parent-teacher agreement level is fair; between .60 and .74, the parent- 
teacher agreement level is good; and from .75 and higher the parent-teacher 
agreement is excellent.
 To assess the effects of speech perception and receptive vocabulary on the 
number of reported behavioral problems, the CI children were divided into four 
ability level categories. These four ability level categories were based on clinical 
levels of speech perception and receptive vocabulary. The clinical level for adequate 
speech perception was set at a phoneme score of ≥85%, and that for adequate 
receptive vocabulary was set on a receptive vocabulary quotient of ≥85. CI children 
who obtained low speech perception and low receptive vocabulary scores were 
classified as ability category 1. Children who obtained adequate speech perception 
and low receptive vocabulary scores were classified as ability category 2. Children 
who obtained low speech perception and adequate receptive vocabulary were 
classified as ability category 3. Children who obtained an adequate speech 
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perception and adequate receptive vocabulary score were classified as ability 
category 4. Descriptive statistics of the CI children in the four ability level categories 
are presented in Table 2. The chi-square test of contingencies (p < .05), with Cohen’s 
w as a measure of effect size, was used to assess the differences in the frequencies 
of behavioral problems between the ability level categories. Ability category 3 was 
excluded from the analyses due to the small sample size of four participants. 
Post-hoc analyses were performed using the chi square test for goodness of fit 
(p < .01). All statistical analyses were performed using IBM SPSS Statistics 25.










n (%) n (%) n (%) n (%) p
Gender
     Girl 2 (22) 7 (39) 3 (75) 24 (60) .10
     Boy 7 (77) 11 (61) 1 (25) 16 (40)
Age at implantation
     < 3 years old 9 (100) 14 (78) 0 (0) 32 (80) .001*
     ≥ 3 years old 0 (0) 4 (22) 4 (100) 8 (20)
Etiology of hearing loss
     Congenital 9 (100) 15 (83) 2 (50) 34 (85) .44
     Acquired 0 (0) 2 (11) 1 (25) 4 (10)
     Idiopathic 0 (0) 1 (6) 1 (25) 2 (5)
Uni- or bilateral
     Unilateral 8 (89) 8 (44) 3 (75) 13 (32) .01*
     Bilateral 1 (11) 10 (56) 1 (25) 27 (68)
Educational setting
     Mainstream 1 (11) 6 (33) 1 (25) 30 (75) .001*
     Special HI 6 (67) 11 (61) 3 (75) 10 (25)
     Special other 2 (22) 1 (6) 0 (0) 0 (0)
Additional problems
     Yes 3 (33) 4 (22) 1 (25) 3 (8) .17
     No 6 (67) 14 (78) 3 (75) 37 (92)
M (SD) M (SD) M (SD) M (SD) p
Test age (years) 6.7 (2.0) 9.2 (3.8) 11.8 (1.5) 8.5 (3.2) .06
Age at implantation (years) 1.7 (0.7) 2.5 (2.3) 4.3 (1.2) 2.0 (1.5) .07
Duration of implant use (years) 5.0 (1.9) 6.7 (3.7) 7.6 (1.9) 6.4 (2.8) .40
Note: * p <.05
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Behavioral problems in CI children reported by parents and teachers
Frequencies of the parents’ and teachers’ reported clinical behavioral problems 
compared to normative data
First, we investigated the frequencies of clinical deviant behavioral problems in CI 
children on the CBCL’s and TRF’s Internalizing, Externalizing and Total Behavioral 
Problem Scales. Frequencies of behavioral problems of the total CI group and the 
two age groups are presented in Table 3.
The frequencies of reported behavioral problems in CI children aged 6-16, 
the normative sample aged 6-16 [41] and chi-square results are reported in Table 4. 
The chi-square test for goodness of fit shows that parents of CI children aged 6-16 
report comparable rates of internalizing, externalizing and total behavioral problems 
to parents of the hearing normative sample. Also no differences were found among 
the internalizing, externalizing and total behavioral problems reported by teachers 
of CI children compared with teachers of the hearing normative sample.
Relationship between the parents’ and teachers’ reported context-related 
behavioral problems in CI children
The results show overall fair to low agreements between the rates of reported 
behavioral problems by parents and teachers. The ICCs between the parents’ 
ratings on the CBCL Internalizing Problem Scale and teachers’ ratings on the TRF 
Internalizing Problem Scale were .40 (p = .000), those on the Externalizing Problem 
Scale were .28 (p < .01) and those on the Total Problem Scale were .32 (p < .01). 
Visual representations of the agreements between teachers’ and parents’ ratings on 
the three problem scales are shown in Figure 1a, b and c.
Table 3  Frequencies of Deviant Internalizing, Externalizing and Total Behavioral 




1.5 – 5 year
%




Parents 23 19 24
Teachers 21 19 22
Externalizing  
Problem Scale
Parents 10 10 10
Teachers 15 24 12
Total  
Problem Scale
Parents 14 10 16
Teachers 18 33 12
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The effects of speech perception and receptive vocabulary on reported 
frequencies of behavioral problems
Table 5 shows the results of the total CI group in the four ability level categories on 
the speech perception and receptive vocabulary test.
The results of the chi-square test of contingencies and the frequencies of reported 
internalizing, externalizing and total behavioral problems of CI children divided into 
the four ability level categories are presented in Table 6. No effect of ability level 
categories on the frequencies of internalizing and externalizing behavioral problems 
was found. An effect of ability level categories on the frequencies of behavioral 
problems reported by teachers was found only on the Total Problem Scale in the 
TRF. This effect had a Cohen’s w of .50, indicating there was a large effect of the 
ability level on the reported frequencies of total behavioral problems at school. 
Post hoc analysis showed that there were significant differences between the 
frequencies of reported behavioral problems at school in the lowest ability level 
(category 1) and ability level category 2, χ2 (1, n = 27) = 8.862, p < .01, and between 
ability level category 1 and the adequate ability level category 4, χ2 (1, n = 49) = 
14.52, p < .001. No difference was found between categories 2 and 4.
Table 4   Frequencies of Deviant Internalizing, Externalizing and 
Total Behavioral Problems in CI Children and the Dutch Normative 
Sample Reported by Parents and Teachers.
Scale Informant
Observed Expected









Parents 24 27 0.23 .63   
Teachers 22 18 0.54 .46
Externalizing  
Problem Scale
Parents 10 21 3.65 .06
Teachers 12 23 3.42 .07
Total  
Problem Scale
Parents 16 22 1.05 .31
Teachers 12 19 1.59 .21
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Figures 1a, b and c. Intraclass correlations between teachers’ (TRF) and parents’ (CBCL) ratings 
on the Internalizing, Externalizing and Total Problem Scales.
























































































Table 5   Speech Perception and Receptive Vocabulary Results of the CI 













Mean (SD) 77 (7.9) 93 (5.1) 77 (9.3) 96 (3.6)
Range 60-84 85-100 63-84 90-100
Receptive 
vocabulary
Mean (SD) 65 (9.6) 74 (9.9) 99 (14.2) 99 (10.1)
Range 55-83 63-84 86-113 85-132
Table 6   Chi-Square Test of Contingencies Results and Frequencies of 
Reported Behavioral Problems Reported by Parents and Teachers of 














Parents 22% 28% 18% .80 .67
Teacher 33% 6% 23% 3.57 .17
Externalizing 
Problem Scale
Parents 11% 11% 10% .02 .99
Teacher 33% 11% 13% 2.79 .25
Total 
Problem Scale
Parents 22% 17% 13% .61 .74
Teacher 67% 11% 10% 16.82 .00*
Note: * p <.05
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Regarding the first aim of this study, the results showed that parents and teachers 
report a similar proportion of behavioral problems (internalizing, externalizing and 
total) in profoundly HI children with CI compared to a hearing normative sample. 
Considering the previously reported high frequency of behavioral problems in 
profoundly HI children without CIs in the literature (30% to 50%), the difference is 
remarkable. The previous frequency of behavioral problems in profoundly HI 
children without implants was 1.6 to 2.7 times higher than that of the profoundly HI 
children with CIs in the present study [8-12]. This difference in reported frequencies 
of behavioral problems in HI children with and without CI is probably due to 
the improved speech perception, whereas profoundly HI children with early 
implantation of CIs nowadays achieve speech perception scores comparable to 
children with moderate HI wearing hearing aids [49-51]. However, Theunissen et al 
[32] found that children with CIs show not the same, but less behavioral problems 
than moderate to severe HI children with hearing aids. They also found no correlations 
between unaided/aided degree of hearing loss and behavioral problems. These 
findings indicate that not only the degree of hearing impairment but also other 
factors are involved in developing behavioral problems in HI children. The other 
factors could include communicative abilities and language development. This 
present study confirms that language is also associated with behavioral problems in 
HI children with CIs in the school environment; children with low speech perception 
and poor language abilities show higher frequencies of behavioral problems 
reported by teachers.
Additionally, the results show overall fair to low agreements between the rates of 
reported behavioral problems by parents and teachers. These low agreement 
between parents’ and teachers’ rates of behavioral problems is probably due to the 
interaction between the environment and the communicative abilities of these CI 
children, as studies show that children’s behavior could be influenced by factors 
like school environment and family dynamics [52]. This could be an explanation for 
the differences found, since the children in the home environment communicate 
mainly with their parents and siblings. Educational contexts require different social, 
emotional and communication skills, there is more interaction with others like 
teachers and peers, than the home environment does [3]. Interactions with peers 
are still difficult for some children with CIs according to Huber et al [29]. The low 
agreements between parents’ and teachers’ ratings of behavioral problems in CI 
children in the present study endorses the statement that information gathering 
about behavioral problems in children should be based on multi-informant 
information in different contexts [37, 40].
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 Finally, regarding the relationship between speech perception and language 
skills with the frequency of reported behavioral problems, we observed a difference 
in the frequencies of total behavioral problems reported by teachers based on the 
ability level of the CI children. As expected, more children with low speech 
perception scores and low receptive vocabulary scores show clinically deviant 
behavioral problems compared to CI children with higher speech perception 
scores or both higher speech perception scores and higher receptive vocabulary 
scores. This is in line with other research; whereas adequate language and 
communication skills are known to prevent behavioral problems and better 
language development will lead to less behavioral problems [15, 27]. In our study 
teachers reported that 67% (n=6) of CI children with poor speech perception 
abilities and poor language development showed behavioral problems against 22% 
(n=2) of the parents. This discrepancy between parents and teachers frequency 
ratings of behavioral problems in CI children with low speech perception and 
language abilities, and the overall low agreement between parents and teacher 
ratings could be attributed to the communication and language problems these CI 
children experience in the school environment as mentioned before. In addition to 
that, as suggested by Netten et al [53], enhancing the communicative abilities of HI 
children is likely to improve their social- and emotional functioning and diminish 
behavioral problems in the school environment. These findings may be somewhat 
limited due to the small sample sizes, especially in the low ability level groups. 
There are also group differences concerning unilateral and bilateral CI and 
educational setting. More children in the lowest ability level category have unilateral 
CI and are attending special schools. This could be related to low speech perception 
and receptive vocabulary, however that is something that we have not investigated. 
Therefore, caution must be applied interpreting the differences in behavioral 
problems between the ability level categories.
Limitations
The first limitation of the current study is that we only used one receptive vocabulary 
test as a language measurement. A larger test battery of receptive and expressive 
language and communication development would be better to investigate the 
influence of communication problems in CI children on behavioral problems [53]. 
Second, our study group and the Dutch normative sample differ in age range, 
therefore we could only compare the 6-16 group (n=50) of our study group with 
the normative sample. A third limitation are the small sample sizes and group 
differences when measuring the effects of speech perception and receptive 
vocabulary on reported frequencies of behavioral problems. The small sample 
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sizes could have influenced the statistical power of the analyses. The group 
differences concerning unilateral and bilateral CI and educational setting of the 
ability level categories could affect the outcomes in reported behavioral problems, 
whereas HI children in special educational settings are often more likely to have 
additional handicaps, lower socioeconomic status (SES) and less-communicative 
competences [54]. This can be a factor in the development of behavioral problems. 
Therefore, caution must be applied interpreting the differences in behavioral 
problems between the ability level categories. The final limitation is the missing 
information of SES levels in our study group. Research shows that low SES is a 
consistent factor associated with behavioral problems [55]. In our study it is unclear 
what influence SES has on results found.
Conclusion
Parents and teachers report similar frequencies of internalizing, externalizing and 
total behavioral problems in profoundly HI children with CIs compared to a hearing 
normative sample. Children with lower speech perception and language levels are 
more at risk of developing behavioral problems at school. It is therefore important 
to use a multi-informant approach from different environments. Adequate speech 
perception and language levels are found to be protective factors for the 
development of behavior.
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Objectives: Communicative disorders can complicate social interactions and may 
be detrimental for one’s self-concept. This study aims to assess the self-concept of 
children with Cochlear Implants (CI). Results of educational peer groups (special 
needs or typical) were compared. Correlations amongst speech perception, language 
comprehension, self-concept and other study variables are determined.  
Methods: This retrospectively patient file study contained 53 CI participants with a 
mean age of 14.2 (SD = 2.8). Self-concept was measured with the Dutch language 
version of the Self-Perception Profile for Children and Adolescents. Proportions of 
low, normal and high competence scores were compared to a normative sample. 
Outcomes were analyzed for the total CI group and for the two educational peer- 
groups. 
Results: In the Scholastic Competence, Athletic Competence, Physical Appearance 
and Behavioral Conduct domains larger proportions of high perceived competence 
levels were found in the CI Total group compared to the hearing normative sample. 
Children with CIs in the mainstream educational group were found to have larger 
proportions of high levels on these domains. Remarkably, children with CI in the 
special hearing impaired educational group reported comparable self-concept 
scores as their hearing peers. Speech perception and language comprehension 
were positively correlated to Scholastic Competence. 
Conclusion: This study has shown that self-concept levels of profoundly hearing 
impaired children with CI are comparable to hearing peers. They are generally 
satisfied with their functioning in various domains. Better speech perception and 
language comprehension levels are related to higher outcomes in the Scholastic 
Competence domain.
Keywords: Cochlear implant, hearing loss, self-concept, perceived competence, 
global self-worth
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Children with special needs are at greater risk of being stigmatized and labeled as 
being different [1-3]. This may result in social exclusion in the form of victimization, 
peer exclusion and teasing. Hence, children with special needs are more likely to 
develop a negative self-concept [1, 4]. Special needs in hearing and communication 
are potentially detrimental to the development of a positive self-concept. Therefore, 
it is highly relevant to monitor the development of self-concept in profoundly 
hearing impaired (HI) children. 
Self-concept can be generally defined as the perception of ‘our self’ [5]. The terms 
self-concept and self-esteem are often used interchangeably. In this study the term 
self-concept is used as the cognitive/knowledge aspect of the perception of our 
self, whereas self-esteem is seen as the evaluative and emotional aspect of the 
perception of our self [6]. The development of self-concept commences at 8 years 
of age. In a first stage a child begins interpreting his/her own cognitions, feelings 
and abilities and also considers feedback from others [7-9]. The ability to reflect on 
oneself evolves through interactions and social comparison with others [5, 10-12]. 
The conceptual domains of reflection alter gradually from physical to mental 
and volitional aspects [9]. For example, a young child will state ‘I can run fast’, while 
the older child or adolescent will state: ‘I’m friendly’, or ‘I’m sensitive’. A positive 
self-concept is associated with a positive adjustment to the environment and to 
positive mental health outcomes. In contrast, negative self-concept is associated 
with poor adjustment to the environment and higher levels of emotional and 
psychosocial problems (e.g., depression, anxiety, conduct disorders) [13-15].
There are several ways to measure self-concept. For an overview see Butler and 
Gasson [12]. A frequently used theoretical construct of self-concept was developed 
by Harter [5, 7, 16, 17]. She approaches self-concept as a multidimensional construct 
that comprises two concepts: perceived competence and global self-worth. 
The first concept, perceived competence, can be defined as a specific evaluation 
of one’s own functioning or appearance in different areas or domains for example 
scholastic competence or friendships. Perceived competence is the awareness 
of competence in a functioning or appearance in a certain domain. The relative 
importance of the domains depends on the developmental age of the child [5, 7, 
18]. Within this concept of perceived competence Harter and colleagues identify 
two clusters. The first cluster is related to peer support and comprises the subdomains 
Physical Appearance and Social Acceptance. The second cluster is mainly related 
to parental support and comprises the subdomains Scholastic Competence and 
Behavioral Conduct. The subdomain Athletic Competence can be included in both 
clusters [17, 19]. The second concept is global self-worth, which represents a more
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general view of one’s self-functioning and should be seen as an independent 
construct which entails more than the sum of the perceived competence domains. 
It refers to the global evaluation of the self and the extent to which one feels 
competent in domains that one values most [5, 20-22].  
Auditory perception and speech- and language development are important factors 
for adequate communication and functioning in the hearing society. Auditory- 
verbal communication in profoundly HI children is severely compromised by the 
inability to perceive and interpret meaningful auditory cues and verbal communication. 
Their problems involve impaired speech perception and hampered speech and 
language development [23-25]. Profoundly HI children may therefore not achieve 
an adequate understanding of social and emotional language and relationships [23, 
26-28], which negatively influences their social and emotional development with 
anxiety, aggression or withdrawal behavior as a result [28, 29]. Several studies 
endorse the assumption that HI children experience more difficulties in positive 
self-concept in the domains of social acceptance and close friendship than 
normal-hearing peers [30, 31], as well as in the cognitive and school domains [32].
As a result of the application of cochlear implant (CI) substantial gains in auditory 
perception and recognition in profoundly HI children have been reported. These 
improved auditory abilities provide profoundly HI children the ability to develop 
sufficient speech- and language development [33-36], and thus the possibility 
ofimproved social-emotional developmental outcomes. Theunissen et al [37] 
found that better language and communication skills in children with CIs are related 
to less emotional and behavioral problems. Several studies show that children with 
CIs have levels of self-esteem, psychopathology symptoms, mental health and 
personality traits that are similar to those of normal-hearing peers [37-41]. Hence, 
one would assume that self-concept of children with CIs with age-appropriate 
language abilities would also be comparable to that of normal-hearing peers.
In the model, Harter et al [19] refers to the role of peers in the development of self- 
concept. Self-concept is a reflection on oneself that evolves through interactions 
and social comparison with others. In children and adolescents ‘the other’ is often 
a peer. Peer interactions can occur during leisure and school activities. Children 
with CIs are placed in both mainstream and special educational settings, with 
typical respectively HI peer groups. Nowadays children with CIs who demonstrate 
sufficient auditory skills and language learning capacity and who have no cognitive 
or learning disorders are enrolled in mainstream educational settings. In the 
Netherlands and Flanders (Belgium) this is 46% to 66% of the HI children with CIs 
between 6 and 18 years of age [42, 43]. The specific characteristics of the educational 
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settings will affect the quantity and quality of peer interactions and, thus, will influence 
the development of self-concept in children with CIs. After all, the educational 
setting determines the type of peer group which children compare themselves to 
(i.e., typical normal-hearing or HI peers) [44, 45].
In special HI educational settings the educational and the communication levels 
are adapted to the usually poorer ability level of the children, and there is a limited 
number of children in a group, in quantity and diversity. In the Netherlands special 
schools are regional based resources which often requires boarding school 
placement or long distance transportation, which can result in limited contacts 
with peers in the home environment. The use of sign language or sign supported 
Dutch in special HI educational settings facilitates communication with and 
between profoundly HI peers and curriculum content transfer from teachers to the 
children. In mainstream educational settings the educational curriculum is less well 
adapted to HI children. Groups are usually larger than in special HI educational 
settings. Therefore less attention and information is directed to the individual pupils. 
Communication mode used by teachers and peers is spoken language. These HI 
children in mainstream educational settings therefore often receive additional 
support. Schools are at closer range, diverse peer contacts are relatively accessible. 
Despite relatively adequate speech perception abilities in optimal listening 
environments, in less optimal conditions substantial information may not be 
accessible for (unilateral) CI users [46]. Speech perception in noise remains difficult, 
resulting in increased listening effort and a burden on auditory verbal working memory. 
This complicates adequate perception of verbal information even further [47]. 
Daily communication frequently takes place in degraded acoustical environments 
resulting in misinterpretations, which may not always be noticed by the child with 
CI. As a result of both decreased accurate auditory and linguistic input implicit 
learning is hindered complicating social learning [48, 49]. 
Research in self-concept in deaf children shows that identification with deaf peers 
is positively related to self-esteem and leads to shared understanding and fewer 
feelings of isolation [50, 51], which may provide positive self-concept development 
in special educational settings for HI children. However, study of HI children in 
mainstream educational settings shows that these children have more self-esteem 
and positive self-perception than HI children in HI special educational settings. 
Children educated in mainstream educational settings are often more likely to be 
hearing acculturated [30, 45, 52, 53]. Other studies found no difference in self- 
esteem and self-concept between children enrolled in special educational setting 
for HI children and those enrolled in mainstream educational setting [50, 54].
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Hence, the developmental perspectives of profoundly HI children dramatically 
increased following cochlear implantation. Notwithstanding, little is known about 
the impact of CI on self-concept. Therefore, this study focused on assessment of 
the perceived competence and global self-worth in children and adolescents with 
CI. Furthermore, outcomes were compared with those of hearing peers. Differences 
between CI children in mainstream and special HI educational settings were 
investigated. In addition, the relations between self-concept and speech perception, 
language comprehension and other study variables were determined. 
Materials and methods
Participants
The data was collected retrospectively through the examination of CI patient files. 
Participants have been examined based on consecutive sampling as part of 
standard CI follow-up for children between 2008 and 2015. All participants had an 
unaided pure tone average of 90 dB or higher, averaged over the frequencies of 
1000, 2000 and 4000 Hz before cochlear implantation. Only data of participants 
with no diagnosed additional problems, such as developmental disorders and psycho-
pathology, were included. Data included information on 53 eligible participants. 
The descriptive statistics of the total CI group are listed in Table 1. Four children 
were one or two years older than the recommended age range of 18 years for 
the self-concept questionnaires (respectively 19.0, 19.1, 20.4 and 20.9 years). 
We decided to keep the data of these children in the study, as they were still 
receiving guidance from the children’s cochlear implant team at that time. Children 
attended mainstream education or education specialized for HI children. Data of 
the participants was divided into two subgroups related to educational setting; 
mainstream educational setting and special HI educational setting. The descriptive 
statistics of the both sub groups are also presented in Table 1.
Procedure and assessments
The long-term evaluation of CI rehabilitation in children included auditory, language 
and psychosocial assessments and was performed during evaluations 3-10 years 
after children received a CI. Auditory and language evaluation was repeated each 
year, psychosocial evaluation every 5 year. The audiological and language data are 
derived from the evaluation moment at which the children also completed the 
CBSK/CBSA. After technical inspection of the CI and a fitting session, speech 
perception assessments were conducted by an audiologist or audiologist assistant. 
Next, a receptive vocabulary test was conducted by a language and speech pathologist 
or speech therapist. Furthermore, children completed a self-concept questionnaire. 
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Support of a social worker or psychologist was available for clarification of the questions, 
because reading comprehension remains difficult for profoundly HI children and 
profoundly HI children with CI [55, 56]. The participants were addressed in their 
preferred mode of communication; spoken, sign supported Dutch or Dutch sign 
language. The order of the assessments was random for each participant.
Speech perception
Speech perception was tested with the Dutch Audiology Society (NVA) children’s 
test containing consonant – vowel – consonant (CVC) words [57]. This test was 
carried out in a sound-treated booth by an audiologist. Stimuli were presented in 
the sound field at a presentation level of 65 dB SPL. The NVA children’s test consists 
of lists of 12 CVC words, in which a correct phoneme score is calculated over the 
last 11 words per list. Scores are expressed as a percentage of correctly repeated 
phonemes. Speech recognition scores at or above 85% were considered adequate 
[58,59].
Table 1  Descriptive statistics of the CI total group and the CI participants in 







pN % n (%) n (%)
Gender Female 25 47 18 (47) 7 (47) .96
Male 28 53 20 (53) 8 (53)








2 4 1 (3) 1 (7)
Progressive 3 6 2 (5) 1 (7)
Unknown 7 13 6 (16) 1 (7)
Unilateral or 
bilateral CI
Unilateral 40 75 27 (71) 13 (87) .23
Bilateral 13 25 11 (29) 2 (13)
M (SD) Range M (SD) M (SD)
Age at testing (in years) 14.2 (2.8) 8.1 – 20.9 14.4 (3.0) 13.7 (2.4) .47
Age at 1st ear implanted 
(in years)
3.8 (2.4) 1.0 – 11.6 3.9 (2.7) 3.5 (1.2) .60
558155-L-bw-Boerrigter




Language comprehension z-scores were derived from three different assessments: 
the Reading Comprehension Test [60] (n=28), the Peabody Picture Vocabulary 
Test-III-NL (PPVT) [61] (n=20) and the Receptive One-Word Picture Vocabulary Test 
(ROWPVT) [62] (n=5). The three language tests are all standardized and validated for 
normal hearing Dutch children and adolescents [60-62]. Language tests differ 
because the protocol for the evaluations has changed in these years. Receptive 
vocabulary (word comprehension) is known to be an important factor in and is 
strongly associated with reading comprehension for hearing children [61, 63] as well as 
for deaf children [64]. Therefore, we used these receptive language outcomes and 
transformed them into z-scores. For example a z-score below -1.00 the average 
range was considered to be a low reading comprehension result.
Perceived competence and global self-worth
Perceived competence and global self-worth were assessed with the Dutch language 
version of the Self-Perception Profile for Adolescents [16] and the Perceived 
Competence Scale for Children [7]. The Dutch Perceived Competence Scale for 
Children (Competentie Belevingsschaal voor kinderen (CBSK)) was administered to 
children 4 to 12 years old [65]. The Dutch Perceived Competence Scale for Adolescents 
(Competentie Belevingsschaal voor adolescenten (CBSA)) was administered to 
adolescents 12 to 18 years old [20]. The CBSK and the CBSA are both standardized 
and validated for normal hearing Dutch children and adolescents [20, 65]. The 
CBSK measures perceived competence in five specific domains of life: Scholastic 
Competence, Social Acceptance, Athletic Competence, Physical Appearance and 
Behavioral Conduct. In addition, an extra domain assesses Global Self-worth, which is 
the extent to which one likes himself or herself as a person overall. In addition to 
these six domains, the CBSA also measures an extra domain: Close Friendship.
Each domain of the CBSK and CBSA contains five or six items. Each item compromises 
descriptions of two different kind of peergroups. The respondent is first asked to 
decide which of the two peergroups he/she belongs to. For example, ‘Some 
teenagers like to go to the movies’ but ‘Other teenagers don’t like to go to the 
movies’. After making this choice, the respondent must rate how much (a lot or a 
little bit) this description describes him or her. Answers are scored from 1 to 4, with 
4 representing a higher self-concept. Domain scores were derived by summing the 
scores of all the answers belonging to that domain and comparing this score to that 
of the Dutch normative sample. Test outcomes are expressed as percentile scores. 
The data of CI participants between 8 and 12 years of age (n=11) were compared to 
the Dutch normative sample of the CBSK, consisting of 361 children, of whom 50% 
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were male and 50% were female [64]. Data of CI participants between 12 and 18 
years of age (n=42) were compared to the Dutch normative sample of the CBSA 
consisting of 1394 adolescents matched on educational level, of whom 44% were 
male and 56% were female [20].
Ethical considerations
This study was carried out in accordance with the recommendations of the 
Committee on Research involving Human Subjects of the Radboud University 
Medical Centre. All parents of the participants gave written informed consent for 
the use of patient file data, in accordance with the Declaration of Helsinki.
Statistical Analyses
For statistical analyses, IMB SPSS Statistics 25 was used. The assumption of normality, 
tested with Kolmogorov-Smirnov test, was violated for almost all the study variables; 
therefore, nonparametric analyses were used.
Firstly, we computed the median and interquartile ranges andrange of the speech 
perception and language comprehension results for the CI Total group and the two 
educational subgroups. Proportions of low and adequate speech perception and 
language comprehension results were also computed for the CI Total group and 
the two educational subgroups. Next, The Mann-Whitney U test (p < .05) was used 
to evaluate whether speech perception and language comprehension results differ 
between the Mainstream educational subgroup and the Special HI educational 
subgroup.
Furthermore, the proportions of low, normal and high perceived competence and 
global self-worth in the CI Total group, in the Mainstream educational subgroup 
and the Special HI educational subgroup were computed. In line with the clinical 
use of the CBSK and CBSA, children with percentile scores lower than 15 were 
classified as having low perceived competence, children with a percentile score of 
85 or higher were classified as having high perceived competence. All scores in 
between were classified as normal perceived competence [20, 65]. To investigate 
the clinical significance, the percentages of low, normal and high perceived 
competence and global self-worth scores in the total CI group were compared with 
the percentages of the Dutch normative sample on the CBSK and CBSA. A total of 15% 
of the Dutch normative sample achieved a low perceived competence score, 70% 
a normal perceived competence score and 15% a high perceived competence 
score [20, 65]. The chi-square test for goodness of fit (p < .05), with Cohen’s w as a 
measure of effect size, was used for this comparison.
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Next, the percentages of low, normal and high perceived competence and global 
self-worth scores of the  Mainstream and Special HI educational setting subgroups 
were compared with the percentages of the Dutch normative sample of the CBSK 
and CBSA. Due to the small sample sizes of both groups, and therefore the violation 
of the expected frequencies, Fisher’s – Freeman – Halton exact test (p < .05), with 
5 minutes time limit per test, was used for these comparisons. Cohen’s w was used 
as a measure of effect size.
We used the Mann-Whitney U test (p < .05) to evaluate whether perceived competence 
and global self-worth differ amongst children with CIs in mainstream or special HI 
educational settings. Kendall’s Tau-b (p < .05) was used to investigate any relationships 
between speech perception, language comprehension, the perceived competence 
domains, global self-worth, and other study variables.
Results
Speech perception and language comprehension results of 
the CI Total group & educational subgroups
Table 2 shows the results of the speech perception and language comprehension 
tests for the CI Total group and the two educational subgroups. Mann-Whitney U 
test showed no significant differences between both educational subgroups on the 
speech perception scores. Significant differences were found in the distributions of 
the language comprehension scores of the Mainstream educational setting 
subgroup (Mean Rank1) and the Special HI educational setting subgroup (Mean 
Rank2) (Mean Rank1 = 30.18, Mean Rank2 = 18.93, U = 164.00, z = -2.39, p = .02). A 
large proportion of approximate 50% the CI Total group achieved a low language 
comprehension score. In the special HI educational setting 67% of the CI children 
didn’t achieved age appropriate language comprehension development, against 
42% of the CI children in the mainstream educational setting. There was a wide 
range in speech perception scores and in language comprehension scores. 
Patiëntfile study shows that the two children with the lowest score on speech 
perception (8%) and language comprehension (-9.9) both received their CI post- 
lingually at the age of 7. Before implantation they were both deaf for several years.
558155-L-bw-Boerrigter




Differences between the proportions of low, normal and high levels 
of perceived competence and global self-worth of the CI total 
group & educational subgroups and the normal hearing children
The proportions of low, normal and high perceived competence levels and global 
self-worth level of the CI Total group and the educational subgroups were compared 
to those of the Dutch normative sample. The chi-square test for goodness of 
fit showed that the proportions of low, normal and high levels of perceived 
competence and global self-worth of the CI Total group differed significantly from 
the Dutch normative sample on the domains Scholastic Competence, Athletic 
Competence, Physical Appearance and Behavioral Conduct, with medium to large 
effect sizes. Remarkably, on these domains the proportion of high perceived 
competence levels in the CI Total group were higher than that in the normal-hearing 
normative sample. The proportions of low, normal and high levels of perceived 
competence and global self-worth levels, Fisher’s - Freeman - Halton exact test P 
values and Cohen’s w values are presented in table 3 for the CI Total group.
Differences in the proportions of low, normal and high levels of perceived 
competence and global self- of the two distinct educational setting subgroups, 
Mainstream & Special HI, and the normative sample are also presented in table 3. 
Significantly more children with CIs in mainstream educational setting reported a 
high perceived competence score on Scholastic Competence, Athletic Competence 
and Physical Appearance than the children in the Dutch normative sample. Fisher’s 
- Freeman - Halton exact test could not be carried out for the Behavioral Conduct 
Table 2   Median, Interquartile Ranges, Range and Proportions of Speech 
Perception and Language Comprehension Results for the CI Total Group 
and the Mainstream and Special HI Educational Setting Subgroups.
Outcome Group N Q1 Median Q3 Range
Proportion (%)
Low Adequate
Speech perception at 65 dB-SPL (%)
CI Total group 53 83 90 96 8 – 100 28 72
Mainstream 38 85 92 98 8 – 100 24 76
Special HI 15 78 89 93 52 – 97 40 60
Language comprehension (z-score)
CI Total group 53 -3.2 -1.0  0.2 -9.9 – 1.6 49 51
Mainstream 38 -1.3 -0.6  0.3 -9.9 – 1.6 42 58
Special HI 15 -6.4 -3.0 -0.9 -7.7 – 0.7 67 33
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Table 3   Proportions of Low, Normal and High reported levels of Perceived 
Competence and Global Self-Worth of the CI Total group and  
the Mainstream and Special HI Educational Setting Subgroups, 
compared to the Dutch Normative Sample of the CBSK/CBSA  










Normative Sample 15 70 15
CI Total group Scholastic Competence 53 8 62 30 .01* .45
Social Acceptance 53 8 75 17
Athletic Competence 53 13 59 28 .03* .37
Physical Appearance 53 4 58 38 .00* .67
Behavioral Conduct 53 4 60 36 .00* .62
Close Friendship 42 14 72 14
Global Self-Worth 53 11 58 11
Educational setting subgroups
Mainstream Scholastic Competence 38 3 60 37 .00* .66
Social Acceptance 38 8 71 21
Athletic Competence 38 13 53 34 .01* .54
Physical Appearance 38 5 53 42 .00* .77
Behavioral Conduct 38 0 55 45 a.
Close Friendship 32 16 68 16
Global Self-Worth 38 5 67 26
Special HI Scholastic Competence 15 20 67 13
Social Acceptance 15 7 86 7
Athletic Competence 15 13 74 13
Physical Appearance 15 0 73 27 a.
Behavioral Conduct 15 13 74 13
Close Friendship 10 9 82 9
Global Self-Worth 15 13 74 13
Note. * p < .05 a. Low perceived competence was not observed. It was not possible to conduct Fisher’s 
- Freeman - Halton exact test.
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domain because none of the children with CIs reported a low perceived competence 
score on this domain (empty cell), compared to 15% of the Dutch normative sample. 
However, 45% of the children with CIs in mainstream educational setting reported 
a high perceived competence score on this domain, compared to 15% of the Dutch 
normative sample. This percentage is the largest proportion of high scores of all 
domains so significance can be assumed. 
Children with CIs in special HI educational setting reported a similar distribution of low, 
average and high perceived competence levels as their peers in the Dutch normative 
sample. Results are presented in table 3. There were no significant differences. 
Fisher’s - Freeman - Halton exact test could not be carried out on the Physical 
Appearance domain because none of the children with CIs reported a low perceived 
competence score on this domain, against 15% of the normal-hearing normative 
sample. Of the children with CIs in special HI educational setting, 27% reported a 
high perceived competence score on this domain.
Differences in self-concept amongst the two educational subgroups 
of CI users, those in mainstream and those in special HI settings
The Mann-Whitney U test was used to evaluate whether there were differences in 
perceived competence and global self-worth scores between children with CIs in 
mainstream and special HI educational settings. Distributions of the scores of the 
Mainstream educational subgroup (Mean Rank1) and the Special HI educational 
subgroup (Mean Rank2) differed significantly on the Scholastic Competence 
domain (Mean Rank1 = 30.39, Mean Rank2 = 18.40, U = 156.00, z = -2.55, p = .01), 
the Athletic Competence domain (Mean Rank1 = 29.76, Mean Rank2 = 20.00, 
U = 180.00, z = -2.08, p = .04), and the Behavioral Conduct domain (Mean Rank1 = 
31.24, Mean Rank2 = 16.27, U = 124.00, z = -3.19, p = .001). Children with CIs in the 
Mainstream educational setting subgroup reported significantly higher scores on 
these domains than children with CIs in the Special HI educational setting subgroup. 
Significant differences were also found in the Global Self-worth domain, on which 
children with CIs in the Mainstream educational subgroup (Mean Rank1 = 29.71) 
reported higher scores than children with CIs in the Special HI educational subgroup 
(Mean Rank2 = 20.13, U = 182.00, z = -0.04, p = .04). As illustrated in Figure 1, 
children with CIs in the Mainstream educational subgroup reported a higher 
perceived competence score on the domains, as previously described, than 
children with CIs in the Special HI educational subgroup. No significant differences 
were found in the other domains.
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Correlations between speech perception, language comprehension 
and perceived competence & global self-worth
Kendall’s Tau-b was used to investigate associations between speech perception, 
language comprehension, and the perceived competence domains and global 
self-worth. The results indicated positive associations between speech perception 
and language comprehension, between speech perception and Scholastic 
Competence, and between language comprehension and Scholastic Competence. 
Test age showed a positive association with age at implant and negative associations 
with language comprehension, Social Acceptance and Global self-worth. Age at 
Figure 1. Box plots illustrating the distribution of scores of children with CIs in the Mainstream 
and Special HI educational setting subgroups on the perceived competence domains and 
on global self-worth. The black center line in the boxes denotes the median value (50th 
percentile), while the upper and lower lines of the boxes denotes the 25th and 75th percentiles 
of dataset. The black whiskers mark the minimum and maximum score of all of the data. The 
horizontal lines at 15% and 85% represent the boundaries of low, normal and high perceived 
competence scores of the Dutch normative sample. Significant differences between the 
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cochlear implantation showed negative associations with language comprehension, 
Social Acceptance and Global self-worth, which means that children implanted at 
a later age achieved lower language comprehension, Social Acceptance and Global 
self-worth results. Associations of the study variables are reported in Table 4.
Discussion
Our study shows that the total group of profoundly HI children with CIs reports 
positive levels of self-concept. That is, in all domains the proportion of low perceived 
competence levels is limited and the proportion of average or high levels is 
well within the normal range. Interestingly, on the Scholastic Competence, 
Athletic Competence, Physical Appearance and Behavioral Conduct domains the 
proportions of high perceived competence levels are even larger in children with 
CIs than those in the normal-hearing normative sample. Social Acceptance, Close 
Friendships and Global self-worth show distributions that are comparable to that of 
the normative sample. These results are in accordance with results of other studies 
on self-concept and self-esteem in CI children [41, 66, 67]. Previous findings of 
Van Gent et al [31] noted lower social acceptance and close friendships scores 
than normal hearing peers in profoundly HI children without CIs, who do not have 
auditory access to spoken language. Our results suggest that the improved auditory 
abilities with a CI may have facilitated the development of a positive self-concept. 
Table 4 Correlations of Study Variables
Study variable 1 2 3 4 5 6 7 8 9 10 11
1 Test age -
2 Age of implant  .63* -
3 Speech perception -.18 -.16 -
4 Language comprehension -.38* -.36*  .42* -
5 Scholastic competence -.21* -.15  .27*  .30* -
6 Social acceptance -.20* -.20*  .14  .05  .15 -
7 Athletic competence -.18 -.08  .04  .04  .35*  .35* -
8 Physical appearance -.13 -.14  .13  .01  .23*  .35*  .17 -
9 Behavioral conduct  .04 -.09  .01  .14  .19  .17  .14  .04 -
10 Close friendships  .13  .04 -.01 -.09 -.03  .44*  .09  .19  .03 -
11 Global self-worth -.28* -.20* .10 .09  .21*  .55*  .42*  .43*  .22*  .09 -
*p < .05
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The comparison of the proportions of the two distinct educational peer groups 
with the normative sample, shows that perceived competence of children in special 
HI educational settings is at a similar level as that of hearing peers. In mainstream 
educational settings perceived competence outcomes are even more favorable 
than the normative sample on Scholastic Competence, Athletic Competence, 
Physical Appearance and Behavioral Conduct domains. The positive outcomes of 
the CI Total group are a result of the high scores obtained by children in the 
Mainstream educational setting subgroup. Hintermair [68] also found better quality 
of life scores for HI children in mainstream educational settings than for their 
normal-hearing peers. The favorable outcomes of children in the mainstream 
educational setting compared to the normative sample, as opposed to those of 
children in special HI educational settings in our study are similar to those of 
Keilmann, Limberger et al [52]. They also found scores of HI children in mainstream 
educational settings that were comparable to those of normal hearing peers, as 
well as higher self-confidence scores in HI children in mainstream educational 
settings than in those in special educational settings for HI children. Comparison 
amongst the two educational subgroups in our study shows significant differences 
in favor of the mainstream educational subgroup on all domains in which the 
mainstream subgroup obtains higher scores than the normative sample (Physical 
Appearance cannot be computed). Furthermore, the Mainstream educational sub- 
group obtains a significant higher median score on Global self-worth as compared 
to the Special HI educational subgroup. 
A possible explanation for the found differences in the educational subgroups 
could be due to speech perception and language abilities. Children with CIs 
experiencing problems with speech perception and/or language development are 
referred to special HI educational settings. The differences between educational 
subgroups thus are merely a reflection of the poorer speech perception and 
language abilities of children in special HI educational settings [42, 43, 52]. Poorer 
speech perception and/or lack of age adequate language levels are expected to 
complicate social learning. Indeed, the association between speech perception & 
language problems and social- and emotional problems & self-esteem is already 
well documented [29, 30, 69].  
Another explanation for the observed differences in self-concept scores between CI 
children in mainstream educational settings and special HI educational settings has 
been suggested by Keilmann et al [52]; “parents who are very involved and have 
self-confident children choose a regular school”. The domains on which the main- 
stream educational subgroup in our study obtains higher outcomes than the normative 
sample, belong to the cluster that is more strongly related to parental support than 
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to peer support [17, 19]. It might be the case that children in mainstream educational 
settings have experienced much positive parental feedback on these domains.
In our study only positive correlations of both speech perception and language 
comprehension with the reported self-competence on the scholastic domain are 
present. For children in mainstream educational settings this may reflect the direct 
role of spoken language in the educational curriculum. For children in special HI 
educational settings, where Dutch sign language or sign supported Dutch is used, 
scholastic competence does not necessarily rely on spoken language skills. 
Nevertheless, spoken language is an important prerequisite for language development, 
reading and academic performance [47, 55, 70]. Several studies endorse the relation 
between language development and the scholastic competence domain of the 
Self-Perception Profile for Adolescents and the Perceived Competence Scale for 
Children. Children with specific language impairment, and therefore lower levels of 
language comprehension, obtain lower levels of scholastic competence than 
typical developing peers without language impairment [71,72]. The found relation 
between language comprehension and scholastic competence in our study, as in 
other research [71,72] could be seen as a strand of evidence for validity to use these 
questionnaires in HI children.
No correlations amongst language and other self-concept domains were found. 
This could be due to the fact that the other domains do not rely on language skills 
in such a direct manner, or that language is sufficient for these purposes. Another 
reason for the lack of associations might be that in our study only receptive 
language has been measured, whereas several studies show that expressive 
language and especially communication abilities are also related to emotional 
development [23, 26, 28]. Test age showed a positive association with age at 
implant which is a consequence of the fact that the eldest adolescents have 
received their implant a decennium ago, at which age at implant was relatively high. 
This mechanism also explains the negative association of test age and of age of first 
implant with language comprehension. After all, implantation at younger age leads 
to better language outcomes, because they received an implant at an age at which 
language development could be optimized [73]. In the same vein the relations with 
social acceptance and global self-worth may be explained. 
Some additional considerations should be made concerning the interpretation of 
the outcomes; Firstly, biases in self-concept scores could have been caused for 
instance by cognitive distortion [74]. It is possible that due to insufficiently developed 
cognitive capacities, the distinction between their actual self and their ideal self is 
insufficient. Therefore it is possible that the CI children overestimated their own 
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competencies. Data on cognitive capacities of all our participants was unfortunately 
not available, which could be considered as a limitation of this study. It is expected 
that there are no cognitive problems in the children with CI, as children with 
additional problems have been excluded from this study. Secondly, the involvement 
of a psychologist for clarification of the questions and/or translation into sign 
language is not according the standardized protocol [65]. Notwithstanding the fact 
that the psychologist’s task was limited to clarification and they were instructed not 
to interfere with the choices the children would make, their presence may have 
affected the children’s answers. Therefore, we cannot exclude some slightly increased 
tendency to social desirability in the responses of the children in our study [65]. 
In the Mainstream educational subgroup, for children with adequate reading and 
language skills, the involvement of the psychologist was minor and a possible effect 
will be minimalized. Thirdly, psychometric analyses of the Self-Perception Profile 
for Children show that all domains consist only five or six items that are nearly the 
same. Also, medium to high self-concept scores are difficult to distinguish from 
each other [75]. The outcomes of this study show relatively high levels of perceived 
competence on various domains; however, subtle needs might still be present. 
Conclusion
This study has shown that the total group of profoundly HI children with CI report 
comparable or higher levels of self-concept as their normal-hearing peers. That is, 
they are generally satisfied with themselves and their functioning in various 
domains. Better speech perception and language comprehension levels were 
associated to better outcomes in the Scholastic Competence domain. Earlier 
implantation was associated with higher social acceptance and global self-worth.
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The aim of this study was to compare the personality traits of adolescents with 
cochlear implants (CI’s) to a reference group (normal-hearing peers). In the past, 
the personality development of hearing impaired adolescents was severely 
compromised. Improved speech perception with CI significantly increased their 
perspectives. In addition, differences between the reference group and CI users 
were investigated on personality traits according to level of speech perception skills 
(high/low) and level of language comprehension (adequate/poor). A cohort of 
59 adolescents was assessed 10 years after CI implantation. Personality traits were 
measured using the standardized Dutch Personality Questionnaire, which consists 
of 5 scales: Inadequacy, Social Inadequacy, Recalcitrance, Perseverance and 
Dominance. Speech perception and language comprehension were tested with 
standardized tests. The distributions of personality scores, in the clinical or non 
clinical range, for the CI group were compared to the reference group using the 
Chi-Square test for Goodness of Fit. Adolescents with CI showed normal or 
favorable distributions on all personality scales except for the recalcitrance scale. 
There was a significant influence of speech perception and language comprehension 
on this scale. Consequently, adolescents with CI who demonstrated high speech 
perception and adequate language comprehension scores showed similar 
distribution patterns as the reference group on all personality scales. In conclusion; 
personality traits that reflect social relations, self-conscience and school- and task 
orientation in adolescents with CI are similar to those in normal-hearing peers. This 
holds, despite variations in speech perception ability and language comprehension 
levels, for the CI group. On the recalcitrance scale the adolescents with CI with low 
speech perception and poor language comprehension scores are more likely to 
score in the clinical deviant range and are at risk.
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Profound hearing impairment (HI), from birth or early childhood has a lifelong 
influence on communication, language development, mental health and social 
and emotional wellbeing [1, 2]. Limitations in hearing and (secondary) problems in 
communication and language development negatively affect the mental health 
of profoundly HI children with hearing aids [3]. The majority (95%) of  HI children 
are born in hearing families with aural communication as the main form of 
communication [4]. As a consequence the social, home and community 
environments are mainly oriented towards auditory-based communication. Even 
with the most powerful hearing aids, children with a profound HI have no auditory 
access to environmental sounds, speech sounds and spoken language. 
Environmental information that is limited or is misinterpreted, results in a world that 
may seem unpredictable and threatening to a young person. Thus hearing loss 
effects the information about social relations, such as cause and consequence. 
The impact of a combined sensory and communicative impairment, such as 
profound hearing loss, on social-emotional and psychosocial development 
therefore, is considerable. 
Social and emotional development includes the development of personality traits. 
A social acceptable development of personality traits and behavior corresponds to 
expectations of the social environment. These expectations are called developmental 
tasks and include developing autonomy, achieving emotional independence, 
developing close relationships with peers, achieving socially responsible behavior 
and achieving emotional stability [5, 6]. During the transition from childhood to 
adolescence, one’s personality develops and personality traits are defined [7]. 
Personality stabilizes in adulthood [8]. The transition to adolescence is, due to 
achieving all the developmental tasks, a challenging period for hearing adolescents. 
It is expected that development of personality traits in adolescents with a profound 
HI will pose additional challenges and places this group at risk for developing 
disordered personality traits. 
However, the auditory and communication prospects for most profound HI 
children have improved since the 1990s. Due to the application of cochlear implants 
(CI), which provide auditory input via electrical stimulation of the cochlea, even 
profoundly HI people can access environmental sounds, hear their  own speech 
and the spoken language of others. Thus, it is to be expected that the application 
of CI would prevent the development of disordered personality traits.
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Research on the effect of hearing loss on the development of personality traits is 
scarce. The attainment of developmental tasks, such as social responsible behavior 
and close relationships with peers, can be complicated by hearing loss [9]. Studies 
of social emotional development and mental health have been carried out. Hearing 
status seems to play a role in developing socially responsible behavior. For instance; 
rather than modeling problem solving, parents are more likely to model avoidance 
and physical action as methods for solving problems or they tend to solve social 
problems for their HI child because of the child’s difficulty communicating. As a 
result; a HI child is likely to have fewer opportunities to learn from the social 
situation. The child is unaware how his/her behavior affects others and what 
alternative behavior could be considered [10, 11]. Therefore the expectations are 
that HI might play a role in developing a postponement and avoidance personality 
trait, where an individual shows little or no responsibility for his/her actions. The HI 
can also negatively influence the development of emotional stability and 
achievement of emotional independence from parents. Research by van van Gent 
et al [12] and Wiefferink et al [13] showed that children with HI had difficulties using 
strategies to regulate their emotions and using appropriate social skills compared 
to hearing peers. Other research shows that adolescents and young adults with HI 
were less confident and more anxious and dejected than normal-hearing peers 
and experienced feelings of insufficiency and vulnerability [14, 15]. This might play 
a role in developing an insecure, dejected and despondent personality trait. 
Communication problems in adolescents with HI are associated with lower levels 
of self-perceived social acceptance and less close friendships [12, 16]. Moreover, 
the personality traits of adults with HI were considered more dependent, less 
confident, less communicative, passive, egocentric and more aggressive than 
people without a sensory disability [1, 17, 18].
The positive influence of CI on speech perception and production, language 
development and reading comprehension is well established [19-23]. However, on 
complex linguistic and verbal cognitive tasks children with CI lagged behind their 
hearing peers [20, 24-27]. This means that these children have less access to 
linguistic social and emotional information compared to normal hearing peers. So 
CI users have limited possibilities to achieve and understand the auditory 
refinements of social and emotional language [10]. A study of Wiefferink et al [13] 
showed that children with CI lag behind on some aspects of emotion regulation 
and social functioning compared to their normal-hearing peers. The children with 
CI tended to be less socially competent, less able to divert their attention and 
express negative emotions more often and more intensely. Language skills seem to 
be positively correlated with emotion regulation and social functioning. CI children 
with stronger language skills tend to have stronger social competence skills and 
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fewer negative external behaviors than CI children with less developed language 
skills.
In the normal hearing population, the auditory system is adapted to integrate 
information from both ears. This is referred to as binaural hearing, which enables 
sound localization and improves the ability to detect sounds at lower levels in noisy 
environment [28]. For children with unilateral CI (UCI), speech perception is 
hindered by background noise, such as in classrooms [29, 30]. Therefore, they 
benefit less from incidental learning situations like overhearing a conversation 
between peers. Children with bilateral CI (BICI) perform significantly better than 
children with UCI on tests of sound localisation and speech perception in noise, 
however not as well as normal-hearing peers [31]. These better auditory skills of 
children with BICI result in better receptive vocabulary and significant higher verbal 
intelligence than in UCI peers, even comparable to levels obtained by hearing peers 
[27, 29, 32, 33]. Children with BICI show less behavioral problems than severely HI 
children with hearing aids and have comparable levels of empathy and social 
competence as normal hearing peers [34, 35]. However, peer problems were still 
experienced by adolescents with CI [36].
Based on the considerable improvement in auditory prerequisites for development 
of social skills, a positive effect on personality development is expected. Therefore, 
in this study we investigated the personality traits of profoundly HI adolescents with 
CI. The hypothesis was that the personality traits of adolescents with CI with 
relatively high speech perception scores and adequate language comprehension 




The data was collected during the clinical evaluation procedure that routinely 
occurs at 10 years post implantation. All subjects who were able to perform the 
standardized protocol were examined according to clinical presentation order. 
Data included 59 eligible participants. Descriptive statistics of the participants 
are listed in Table 1. The study group was a heterogeneous group; age at onset 
of  profound hearing loss and age at implantation ranged substantially. The vast 
majority of the children (88%) had no functional residual hearing prior to cochlear 
implantation. A small number of children (12%) had a progressive hearing loss and 
benefitted from the use of hearing aids pre implant. These children received their 
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implants at a relatively high age. The high age at implantation and long duration of 
hearing loss are unfavorable compared to the current demographics of implanted 
children, but were current at the time these subjects received implants. The results 
of the participants were compared to the results of the standardized reference 
group of The Junior Dutch Personality Questionnaire (Junior Nederlandse Per-
soonlijkheidsVragenlijst, NPV-J) [37]. This reference group contains 3194 participants 
with a mean age of 13.4 years (SD = 1.6). Forty-eight percent was male and 52% 
female. Scores were controlled for gender differences. The test protocol and use of 
data for scientific purposes was explained to all participants and described in the 
written evaluation reports for the patients. Informed consent was obtained in all 
participants. No specific ethical approval was required for this study, in accordance 
with regulations in the local University Medical Center and Dutch ethical standards. 
Assessments
An audiologist, speech language pathologist and a psychologist collected measures on 
auditory speech perception, language comprehension and personality, respectively, 
using the tools described in the section below. The order of the three assessments 
was randomized for each subject.
Auditory speech perception
Auditory speech perception abilities were assed using a standard Dutch open set 
identification test, containing consonant – vowel – consonant words [38]. This test 
Table 1  Descriptive Statistics of the Participants (n=59)
n %
Gender Female 34 57.6
Male 25 42.4
Unilateral or bilateral CI Unilateral 50 84.7
Bilateral 9 15.3
Educational setting Mainstream 32 54.2






Age at testing 14.32 (2.39) 10.71 - 20.88
Age at implantation 3.65 (2.06) 0.68 - 10.08
Duration of deafness before implantation 3.13 (2.14) 0.29 - 9.77
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was carried out in a sound-treated booth. Stimuli were presented in the sound field 
at a presentation intensity of 65 dB SPL. Scores are expressed as a percentage of 
correctly recognized phonemes. A score ≥85% reflects a high level of speech 
perception for HI children with CI and is comparable to those of children with a 
moderate hearing loss, bilaterally fitted with hearing aids, who obtain an average 
language level [39].
Language comprehension
Language comprehension z scores were derived from two different assessments: 
the Reading Comprehension Test [40] and the Peabody Picture Vocabulary 
Test-III-NL (PPVT) [41]. The PPVT became available in Dutch in 2013. Receptive 
vocabulary (word comprehension) is known to be an important factor in, and is 
strongly associated with, reading comprehension for hearing children [42, 43] as 
well as for  HI children [44]. The outcomes are expressed in z-scores. A z-score ≥ 
-1.00 indicates a performance within or above the average range of the reference 
group and is considered to represent an age adequate score.
Personality traits
The Junior Dutch Personality Questionnaire (Junior Nederlandse Persoonlijkheids-
Vragenlijst, NPV-J [37] was used to measure personality traits of the participants. 
The questionnaire is a standardized diagnostic tool for the detection of clinically 
deviant personality traits. It is divided into five scales: Inadequacy (IN),  Perseverance 
(PE), Social Inadequacy (SI), Recalcitrance (RE) and Dominance (DO). The intercor-
relations between scales support the validity of the instrument. Scales represent 
relatively independent domains. Each scale contains a series of statements such as, 
‘I like being alone’. The answer options are ‘yes’, ‘no’ or ‘I don’t know’. Every answer 
is attributed 0, 1 or 2 points. Scale scores were obtained by summing the scores of 
all questions belonging to a scale. Scale scores were compared with the reference 
group of the NPV-J. A lower score is favorable for all scales except PE and DO. For 
PE, a higher score represents a more favorable outcome and for DO, extremes 
(high or low) are less favorable outcomes. The psychologist supported all participants 
(in sign or spoken language) to ensure participants understood the questions.
The personality questionnaire is used to identify personality traits in or outside the 
expected range. Outcomes were classified in average scores or positive or clinical 
deviant scores (an average range is between μ-1σ or μ+1σ). Clinical deviant scores 
indicate dysfunctional personality traits. A high IN scale score is associated with an 
insecure, over-sensitive, dejected and despondent personality trait and is stated as 
a clinical deviant score. A high score on the PE scale is associated with high 
responsibility for schoolwork and a reliable and orderly personality trait and is stated 
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as a positive deviant score. Adolescents with a positive deviant score on this scale 
are described as competitive. They can concentrate relatively long and good and 
work neatly. A low score on the PE scale is associated with being unfocussed, 
untidy and with a low responsibility for schoolwork, which is stated as a clinical 
deviant score. On the SI scale, a high score (clinical deviant) is associated with a shy 
and introvert personality in social situations. An increased score on the RE scale is 
stated as a clinical deviant score and is associated with a postponement and 
avoidance trait with little or no responsibility regarding one’s own actions. People 
who obtain clinical deviant scores on this scale are described to behave selfishly, 
are distrustful or reject others and feel indignant. On the DO scale, a high score 
represents a dominant personality trait and a lower score a dependent personality 
trait. Both scores are stated as a clinical deviant score. 
Statistical Analyses
First spearman’s rho correlation between age at implantation, speech perception 
and language for the total CI group (n = 59) was computed. Next, for speech 
perception, subjects were categorized in a ‘high speech perception subgroup’ 
(speech perception score ≥ 85%) (n = 38) or ‘low speech perception subgroup’ 
(speech perception score < 85%) (n = 18). For language comprehension, subjects 
were categorized in ‘adequate language comprehension subgroup’ with a z-score 
of ≥ -1.00 (n = 17) or ‘poor language comprehension subgroup’, with a z-score of < 
-1.00 (n = 39). PPVT and reading outcome scores were distributed evenly over the 
subgroups. 
Statistical analyses were performed using IMB SPSS Statistics 22. For each test the 
level of statistical significance was set at 5%. The percentage average, positive or 
clinical deviant scores of the total group and subgroups were computed. The non- 
parametric Chi-Square test for Goodness of Fit was used to compare the distributions 
of scores of the adolescents with CI with the distribution of the reference group 
of the NPV-J [37]. For the reference group, the percentage that performs below 
average (clinical deviant) is 15%, the percentage that performs within the average 
range is 70% and the percentage that performs above average (positive deviant) is 
15%. The effect size was measured using Cohen’s w.
First the distributions of average and deviant scores on each personality trait of the 
total CI group were compared to those of the reference group. Next the distributions 
for the personality test scores for the CI subgroups (speech perception high/low; 
language comprehension adequate/poor) were compared to the reference group 
of the NPV-J. 
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Speech perception and language comprehension
Significant correlations were found between age at implantation and speech 
perception; rs = -.540, p = .000, two-tailed, n = 56, between age at implantation 
and language comprehension; rs = -.463, p = .000, two-tailed, n = 56, and between 
speech perception and language comprehension; rs = .534, p = .000, two-tailed, 
n = 53 for the total CI group. Figure 1 shows the scatter plot of speech perception 
and language comprehension. Note only a small number of subjects had adequate 
language comprehension scores in the absence of a high speech perception score. 
Figure 1. Scatterplot of percentage speech perception scores and language comprehension 
for the total CI group. Adequate performance on phoneme recognition ≥ 85%, on language 
comprehension z ≥ -1.00.

































The adolescents with CI showed significant different distributions of average or 
deviant scores compared to the hearing reference group, on two personality scales: 
PE and RE. No significant different distributions of scores were found between the 
reference group and the children with CI on the other personality scales: IN, SI and DO.
In this section ‘Personality scales’ we present the results for the total CI group, 
followed by the results according to the speech perception and language 
comprehension subgroups. First, we describe positive deviations from the reference 
group on the PE scale (i.e., in favor of the HI adolescents with CI). Second, we 
report data with negative (clinical) deviations from the reference group on the RE 
scale. 
Positive deviations on the personality scale perseverance
The total CI group showed a significant higher proportion of positive deviant scores 
compared to the reference group on the personality scale PE, χ2 (2, n = 59) = 14.89, 
p < .05. The effect size was large (w = 0.50). This means that significant more 
adolescents with CI (31%) obtained an above average positive score on this scale 
compared to the reference group.
According to the speech perception subgroups, the high speech perception 
subgroup had a significantly higher proportion of positive deviant scores (26%) 
compared to the reference group, χ2 (2, n = 38) = 7.13, p < .05, with a medium 
effect (w = 0.43). Also a significantly higher proportion of positive deviant scores 
was found for the low speech perception subgroup (39%) compared to the 
reference group on the personality trait PE, χ2 (2, n = 18) = 8.46, p < .05, with a large 
effect (w = 0.69). 
There was no significant difference between the adolescents with CI with adequate 
language comprehension scores and the reference group. The poor language 
comprehension subgroup showed significantly higher proportion of positive 
deviant scores compared to the reference group on the personality scale PE, χ2 
(2, n = 39) = 15.77, p < .05. The effect size was large (w = 0.64). This means that 
significantly more adolescents with CI with poor language comprehension scores 
(36%) obtained an above average positive score on this scale compared to the 
reference group.
Figure 2 displays the distributions of the PE scale scores for the reference group, 
the total CI group and the CI subgroups. Percentages of the distribution of scores for 
the reference group are depicted, as well as the percentages of the CI (sub)groups. 
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Clinical deviations on the personality scale recalcitrance
The total CI group showed a significantly higher proportion of clinical deviant 
scores (29%) compared to the reference group on the personality scale RE χ2 (2, 
n = 59) = 12.85, p < .05. The effect size was medium to large (w = 0.47). Compared 
to the reference group, the proportion of subjects classified with clinical deviant RE 
scores did not significantly differ for the subgroup with high speech perception 
scores, whereas there was a difference for the subgroup with low speech perception 
scores χ2 (2, n = 18) = 12.50, p < .05. The effect size was large (w = 0.83). The low 
speech perception subgroup showed a significantly higher proportion of clinical 
deviant scores (44%) compared to the reference group. 
There was no significant difference in RE scores between de reference group and 
the adolescents with CI and adequate language comprehension scores. There was, 
however, a significant difference in RE scores between the reference group and 
adolescents with CI with poor language comprehension scores, χ2 (2, n = 39) = 
12.95, p < .05. The effect size was large (w = 0.58). The poor language comprehension 
subgroup showed a significantly higher proportion of clinical deviant scores (33%) 
compared to the reference group on this scale.
 
Figure 3 displays the distributions of the RE scale scores for the reference group, the 
total CI group and the CI subgroups. Percentages of the distribution of scores for 
the reference group are depicted, as well as the percentages of the CI (sub)groups. 
Figure 2. Distributions of the PE scale scores of the reference group, the total CI group and 
the subgroups. * p < .05. Percentages of the distribution of scores for the reference group are 
depicted, as well as the percentages of the CI (sub)groups.
15













































Positive deviant Average Clinical deviant
558155-L-bw-Boerrigter




The aim of the present study was to compare the personality traits of adolescents 
with CI to a reference group (normal-hearing peers). In addition, this study aimed to 
investigate differences between the reference group and CI subjects on personality 
traits according to level of speech perception skills (high/low) and level of language 
comprehension (adequate/poor). This study was motivated by previous research 
that has shown that HI adolescents with hearing aids are at risk of developing 
problems with social emotional and psychosocial development. HI adolescents 
therefore were vulnerable for developing personality disorders. For instance, 
Hindley et al [45] report in a prevalence study of psychiatric disorders in deaf 
children and adolescents a percentage of 50.3%. HI limits a child’s access to 
understanding and developing complex language skills, which could mediate 
personality development. With CI (implanted in childhood), prelingually profound 
HI adolescents have auditory access to speech and, in most cases, to levels of 
spoken language. This subsequently gives them the opportunity to develop higher 
level language levels and improved social communication skills which facilitates 
social learning, a prerequisite for developing a balanced personality. 
Figure 3. Distributions of the RE scale scores of the reference group, the total CI group and 
the subgroups. * p < .05. Percentages of the distribution of scores for the reference group are 
depicted, as well as the percentages of the CI (sub)groups.
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The results of the present study show that adolescents with CI showed normal or 
favorable distributions on four of the five investigated personality traits (IN, SI, DO 
and PE). Only for the RE trait, the total CI group, the subgroup with low speech 
perception scores and the subgroup with poor language comprehension scores 
showed a larger proportion of scores below average as compared to the reference 
group. Which means that more children with CI, especially the CI children with low 
speech perception scores and poor language comprehension scores show a post- 
ponement and avoidance personality trait with little or no responsibility regarding 
one’s own actions. As hypothesized, adolescents with HI implanted with a CI who 
demonstrate high speech perception scores and adequate language comprehension 
scores showed similar distributions to normal hearing peers on all personality traits.
Indeed, good speech perception appeared to be a factor in the development of 
personality among adolescents. This finding is in line with the study by Nasralla 
et al [18]. The subjects who obtained low speech perception results in the study 
by Nasralla, reported difficulties in the area of interpersonal contacts, reacting 
according to the affective and auditory situations and did not reach their potential 
compared to the group with the high speech perception scores. 
It is clear that hearing loss itself is not the only risk factor for experiencing social and 
emotional problems and problems in personality development. It appears that lack 
of language contributes to these problems [46, 47]. In our study, adolescents with 
CI attain normal distributions on all personality scales if language comprehension 
skills were at an average or higher level. Stevenson et al [47] endorsed the idea that 
language is a significant factor in the psychosocial development of adolescents. 
The authors stated that hearing loss is related to an increased rate of behavior 
problems because hearing loss is a risk factor for low language competence. 
Ketelaar et al [48] specifically examined the factor language and reported that 
emotional language is related to social functioning among children with CI and 
that language skill levels were related to the frequency of behavioral problems. 
In hearing children with language disorders, difficulties with social emotional 
functioning and behavioral adjustment exist not due to the hearing impairment. 
Language is known to support emotional self-regulation and social-cognitive 
competence. Several studies indicate that young people with specific language 
impairment are more likely to exhibit abnormal levels of emotional and behavioral 
difficulties than hearing peers [49-52]. In our study, 66% of the subjects with a CI 
had high speech perception scores, but nonetheless, 40% had low language 
comprehension despite good hearing levels. These are children in which language 
or learning disorders may be present in addition to the hearing loss [53].
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In our study, adolescents with low speech perception scores, poor language 
comprehension scores, or both, frequently had clinical deviant scores on the RE 
scale. As stated in the introduction, the unpredictability of actions, based on lack 
of auditory information or misinterpretations in communication might result in 
suspicion and lack of trust. Mainly for children with unilateral CI, auditory and 
language skills remained limited and are expected to have caused more 
dysfunctional RE traits than in the norm group. Research of Geers et al [54] shows 
that well-developed social skills are more associated with the ability to discriminate 
the nuances of talker identity and emotion than with the ability to recognize words 
and sentences through listening. They found that both abilities were better in BICI 
children than in UCI children [54]. This could be a secondary benefit of binaural 
hearing with BICI [33]. However, due to the small sample size of BICI children in our 
study, we were not able to perform analyses between these groups.
A positive finding in our study is that the adolescents with CI did not differ from the 
reference group in terms of the distributions of average or deviancy scores on the 
scales IN, SI and DO. In support of this interpretation, other studies reported that 
children with CI could obtain average social skills and self-esteem in comparison 
to normal hearing peers. Children with CI showed comparable auditory levels as 
children with hearing aids, in addition to lower levels of behavioral problems 
than children with a hearing aid. The CI group showed equal empathy and social 
competence as normal hearing peers [34, 35]. No differences in self-esteem and 
number of friends between children with CI and hearing peers were reported [55]. 
Bat-Chava et al [56] found that children with CI demonstrated a rapid development in 
socialization with hearing peers after implantation. Similarly, the level of auditory and 
language skills of or our study group does not hinder them in social interactions, 
subjectively. Hence, the adolescents answers to the questionnaire imply that they 
experience that they are able to comprehend social situations and that they feel 
secure. This is reflected in a normal personality trait development of (Social) IN. 
This social safety also enables them to comply to situations rather than to control 
them, which is reflected in a normal DO personality trait.
Remarkable results were found on the scale PE. The total group of adolescents with 
CI as well as both speech perception subgroups and the subgroup with poor language 
comprehension scores obtained positive deviant scores more frequently compared 
to the reference group. The subgroup with adequate language comprehension 
scores did not show this favorable difference on the PE trait. Adolescents with CI 
with poor language comprehension scores obtained positive deviant scores more 
frequently compared to the reference group. It might be the case that these 
children are rewarded for effort rather than for good performance. Percy-Smith et 
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al [55] reported that boys with CI were better in managing schoolwork and Wheeler 
et al [57] found that children with CI seek support to achieve mainstream goals.
Conclusion
In conclusion, the findings of this study showed that personality traits that reflect 
social relations, self-conscience and school- and task orientation in adolescents 
with CI are similar to those in normal-hearing peers. This finding holds despite 
variations in speech perception ability and language comprehension levels for 
the CI group. On the recalcitrance trait, however, adolescents with low speech 
perception and/or poor language comprehension scores more frequently obtained 
clinical deviant scores. This is an important factor to consider for both schools and 
services guiding these young adults. The adolescents in our study were implanted 
at a relatively late age compared to modern standards. Late age at implantation is 
associated with poorer speech perception and poorer language comprehension. 
Early (bilateral) implantation is expected to have a further positive effect on 
the development of personality traits of profoundly hearing impaired children 
predominately as a result of improved spoken language.
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Objectives: The aim of this study was to determine whether children with severe 
hearing impairment that use hearing aids (HAs) are disadvantaged in their perception 
of speech, language development and executive function compared to children with 
profound hearing impairment with CIs, and would benefit from CIs over HAs. 
The results of this study contribute to the ongoing debate concerning cochlear implant 
criteria. The following research questions were addressed to achieve this aim:
1. What levels of performance are obtained by hearing impaired children with HAs 
or CIs with respect to auditory speech perception, receptive vocabulary and 
executive function? 
2. What underlying processes can be identified for children with HAs or CIs?
Design: The study group comprised two groups of children with hearing impairment, 
matched for gender, test age, socioeconomic status and nonverbal IQ. Forty-three 
children with CIs (PTA at 2000 & 4000 Hz >85) and 27 children with HAs (mean 
PTA: 69). Speech perception was measured at 45 dB SPL and 65 dB SPL. Receptive 
word comprehension was measured using the Peabody Picture Vocabulary 
Test-III-NL. Executive function was tested using the Delis Kaplan Executive Function 
System test and the Dutch Auditory Verbal Learning Test. Data were used to 
compare the outcomes of the two groups and to analyze underlying processes.
Results: On average, children with hearing impairment obtained ceiling scores for 
perception of speech on a conversational level. The median receptive word 
comprehension quotients for both groups were well within the normal range. In 
both groups, a large proportion of children obtained below-average scores for 
planning and verbal memory, about half of the children in the CI group and about 
one-third of the HA group. No significant difference was observed between both 
groups on these scores. Furthermore, the HA group exhibited significantly lower 
perception of soft speech scores than the CI group. In the HA group, perception of 
soft speech was associated with receptive vocabulary and planning.
Conclusion: The results of this study indicate that in order to obtain age adequate 
levels of language and cognitive abilities, ample speech perception in challenging 
situations is a necessary but insufficient prerequisite. For children with severe 
hearing impairment who use HAs, improvement of the perception of soft speech is 
expected to improve receptive vocabulary and planning. For children with CIs, poor 
planning and verbal memory abilities cannot be directly attributed to deficits in 
perception of soft speech. These outcomes should be taken into account in the 
counselling and decision making process for cochlear implant indication.
Keywords: Cochlear implant, hearing aid, indication criteria, language, executive 
function
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Introduction
Hearing impairment (HI) during the first years of life has lifelong consequences. 
Hearing and language perception begins in utero, with the consequence that 
children with congenital hearing loss are disadvantaged in their development [1]. 
Auditory deprivation during the period of auditory cortex plasticity may lead to 
problems in language, social, emotional and cognitive development [2, 3]. 
Therefore, intervention should commence as early as possible to enable access to 
sound and perception of speech to enhance speech and language development 
[2, 3]. For this reason, neonatal hearing screening programs have been devised. In 
the Netherlands, this program has been available to all Dutch newborns since 
2006. In the Netherlands, hearing aids (HAs) are indicated for children with a mild 
to severe HI, while cochlear implants (CIs) are administered to children that are deaf 
or have profound sensorineural HI, with a hearing loss of 85 dB or more [4]. In the 
present study the hearing loss classification of the World Health Organization [5] is 
used as a reference for the degree of hearing loss. In babies with HI, parents are 
given the option of early intervention for language/interaction and hearing via HAs 
or CIs [6]. Early CI fitting, before the age of 12 to 24 months, provides children with 
profound HI the ability to develop sufficient speech perception and recognition to 
achieve age-appropriate language development [2, 6-11]. Currently, auditory access 
to spoken language in acoustic environments has improved due to early cochlear 
implantation in children with HI. This improvement enables these children to 
acquire near-age-appropriate language development. A level which is comparable 
to that of children with moderate HI wearing HAs and, on average, even better than 
that of children with severe HI wearing HAs [12-14]. 
The literature states that children with severe HI are at risk for developmental 
language problems [15, 16]. Iwasaki, Nishio [17] reported improved language 
outcomes in children with HI with CIs compared to children with HAs. Several 
studies report delayed receptive and expressive language development in children 
with mild to severe HI with HAs [18-20]. These language problems persist in 
adolescents with HI [21]. Language and communication problems in children with 
HI negatively interfere with social and emotional developmental problems [22-26]. 
Emotional and behavioral problems are therefore frequently reported in children 
with severe to profound HI fitted with or without HAs [27-29] and are more often 
reported in children with severe HI with HAs than in children with profound HI with 
CIs [30-32]. Children with profound HI who receive CIs at a young age and achieve 
adequate communication even seem to exhibit as few emotional and behavioral 
problems as their normal hearing peers [31, 33]. There is an ongoing debate 
whether children with severe HI could also benefit from CIs over HAs [12, 34, 35] 
due to the relatively poor performance of these children on a variety of domains.
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Parental and clinical indication criteria for the choice for device, HA or for a CI, is 
based on the type and severity of the HI. For optimal (early) intervention, this choice 
has to be made within the first year in life. However, in babies with a severe HI, the 
choice between HA or CI is difficult when the consequences on various long-term 
developmental areas are not yet clear. The latest research shows surprisingly 
promising results in children with profound HI with early implantation of CIs, who 
achieved speech perception scores better than those of children with severe HI 
wearing HAs [12-14]. Obviously for children with HI, speech perception through 
adequately fitted HAs or CIs is a key factor for optimizing their full developmental 
potential. After all, the perception of speech is an important prerequisite for 
language development, reading, academic performance and social and emotional 
wellbeing.
Various studies have found that executive function (EF) is a good predictor of 
performance in everyday life. EF refers to a set of high-order cognitive processes 
that are involved in the self-regulation of thoughts, actions and emotions. These 
processes include mental processes, such as planning, (verbal) working memory, 
inhibition of inappropriate responses, flexibility in adaptation to changes and 
decision making, which are necessary for adaptive and goal-oriented behavior 
[36-38]. EF is described as a good predictor for language development, academic 
achievement and learning related behavior, such as listening to instructions, 
following directions, and accomplishment of tasks [39-41], as also for children’s 
social and emotional development [42-44]. This makes EF long-term developmental 
outcomes a relevant issue in the CI indication debate. Moreover, in children with 
profound HI and deafness, several EF tasks, such as working memory, cognitive 
shifting, planning and inhibition, are poorly developed. This is probably due to 
poorer verbal communication, reduced access to social situations and higher 
cognitive load due to effortful listening [45, 46]. HI makes listening effortful, tiring 
or stressful. Studies imply that greater cognitive resources are needed for the 
perception of sound and speech, with the consequence that this could be 
detrimental to the cognitive resources needed for other cognitive processes, such 
as EF [46, 47].
Regarding the specific EF processes, working memory is linked to the perception of 
speech and phonological representations in children. In particular for children with 
severe HI difficulties in processing general linguistic, semantic and phonological 
content are reported due to effortful speech perception in children with severe HI. 
Extra effort and more cognitive recourses in attention and working memory, also 
known as cognitive load, are needed for these children to understand spoken 
discourse [48]. Several studies show that children with severe HI have reduced 
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working memory capacity. The most known and used theory about working 
memory is the multicomponent theory from Baddeley and Hitch [49]. They state 
that working memory comprises three components: a central executive, a 
phonological loop and a visuospatial scratchpad. Baddeley [50] subsequently 
added the episodic buffer as a fourth component. The phonological loop consists 
of a storage component of two seconds and an active rehearsal mechanism to 
refresh the storage component [49, 51]. Working memory capacity in children with 
HI seems affected. Phonological storage and rehearsal processes used to encode 
and retrieve representations of spoken words from lexical memory are reduced in 
children with HI, which negatively impacts language development. Storage capacity 
in the working memory system of children with profound HI with CIs is poorer than 
in normal hearing peers [52-56]. Research shows that children with HAs and CIs 
have lower articulation rates [57, 58], perhaps due to effortful speech perception 
and increased cognitive load to encode phonological representations. The 
rehearsal mechanism is therefore compromised and slower. With a slower rehearsal 
mechanism, less information can be refreshed in the phonological storage. This 
limits the storage component of the phonological loop [51, 57]. It could be possible 
that reduced effortful speech perception due to the use of CI or assistive listening 
devices, such as wireless microphones, in children with severe to profound HI, that 
is now treated with HAs reduces cognitive load. Reducing the cognitive load 
needed for listening could lead to possibilities of using cognitive resources in other 
tasks. Research of Khan, Edwards [59] endorse this assumption. Children wearing 
CIs were able to perform on a nonverbal cognitive level that was higher than in 
children with moderate to severe HI with HAs. This indicates that children wearing 
CIs may have developed more or better cognitive resources for use in tasks other 
than listening.
Given the high levels of speech perception in children with profound HI with CIs 
and the strong relationship between speech perception skills, language abilities 
and EF, we argue that improvement of speech perception could lead to better 
language and EF development. If so, one might question whether children with 
severe HI with HAs are disadvantaged in their developmental opportunities. It is 
important to investigate whether they would benefit more from CIs than from HAs.
The aim of this study was to determine whether children with severe HI that use 
HAs are disadvantaged in their perception of speech, language development and 
executive function compared to children with profound HI with CIs, and would 
benefit from CIs over HAs. The results of this study contribute to the debate 
concerning cochlear implant criteria. The following research questions were 
addressed to achieve this aim:
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1. What levels of performance are obtained by children with HI with HAs or CIs with 
respect to auditory speech perception, receptive vocabulary and executive 
function? 
2. What underlying processes can be identified in children with HAs or CIs?
Materials and Methods
Participants
Data for children wearing CIs were collected during standard assessments at 
standard annual clinical evaluation sessions at the University Medical Centre. 
Children with severe HI with HAs were recruited at the University Medical Centre 
and four speech and hearing centers in The Netherlands. Children from ages 8-15 
with a nonverbal IQ of 80 and higher were included. Inclusion criteria for children 
with severe HI with HAs [5] were as follows: an unaided best ear pure tone average 
(PTA) of 60 dB or higher averaged over the frequencies of 1000, 2000 and 4000 
Hz. Mean PTA was 69 (SD = 8.7), ranging from 60 to 97. HAs were fitted according 
the latest DSL prescriptive formula for children [60]. Table 1 provides characteristics 
of children wearing CIs and HAs. 
This study was performed in accordance with recommendations of the local 
Committee on Research involving Human Subjects of the University Medical Centre. 
In accordance with the Declaration of Helsinki, all parents of participants and 
participants above age 12 provided written informed consent for use of their data.  
Materials
Speech perception
Speech perception was tested using the Dutch Audiology Society (NVA) children’s 
test containing consonant – vowel – consonant (CVC) words [61]. This test was 
performed in a sound proof booth designed for audiometric testing. Stimuli were 
presented in the free field at a presentation level of 65 dB SPL and 45 dB SPL. The 
NVA children’s test consists of lists of 12 CVC words, in which a correct phoneme 
score is calculated over the last 11 CVC words. Scores are expressed as a percentage 
of correctly repeated phonemes. 
Receptive language
Receptive language was assessed using the Peabody Picture Vocabulary Test-III-NL 
(PPVT) [62]. The PPVT is a standardized and validated test for persons from 2 years 
and 3 months to 90 years. The stimuli are spoken words that are presented to the 
child at a conversational level. Responses are manual in a closed set task. The child 
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has to identify the stimulus item from four pictures. The score is expressed as a 
receptive word comprehension quotient. An average age-appropriate quotient is 
100 (SD 15), clinical deviant scores of the PPVT are equivalent to a scaled score 
below 85.
Table 1.  Descriptive statistics of the total study population





n (%) n (%) p
Gender .894 
    Male 23 (54) 14 (52)
     Female 20 (46) 13 (48)
Age at onset of hearing loss .006*
     < 3 years old 36 (84) 19 (70)
     ≥ 3 years old 1 (2) 7 (26)
     Unknown 6 (14) 1 (4)
Etiology of hearing loss .018* 
     Genetic 28 (65) 12 (44)
     Acquired 11 (26) 5 (19)
     Idiopathic 4 (9) 10 (37)
Uni- or bilateral fitting .000*
     Unilateral 22 (51) 0 (0)
     Bilateral 21 (49) 27 (100)
Educational setting .466  
     Mainstream 24 (56) 19 (71) 
     Special HI 15 (35) 6 (22) 
     Special other 4 (9) 2 (7) 
Additional developmental problems .757
     Yes 8 (19) 4 (15) 
     No 35 (81) 23 (85) 
M (SD) M (SD) p
Test age (years) 11.85 (1.87) 11.01 (2.26) .096
Age at implantation (months) 34.35 (31.74) /
Socioeconomic Statusa 2.32 (1.09) 2.29 (0.99) .898
Nonverbal IQ 102.94 (11.98) 103.10 (15.69) .973
Note. * p < .05, a socioeconomic status score was measured by parental jobs, range 0-4. 
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Two distinctive tests were used to measure seven specific EF processes. The Delis 
Kaplan Executive Function System (D-KEFS) [63] was used to measure planning, 
inhibition, verbal cognitive flexibility, nonverbal cognitive flexibility and problem 
solving. To measure short term and long term verbal memory, the Dutch Auditory 
Verbal Learning Test for children [64], a Dutch version of Ray’s Auditory Verbal 
Learning Test [65], was used.
The Delis Kaplan Executive Function System
The D-KEFS [63]is a comprehensive test battery of nine distinctive tests of which 
five have been translated into Dutch. Each test can be used as a stand-alone measure 
of EF, measuring planning, inhibition, verbal cognitive flexibility, nonverbal cognitive 
flexibility and problem solving. Raw test scores were converted into scaled scores 
with an age appropriate mean score of 10 (SD 3). Normative data is based on a 
sample of 1750 children and adults ranging in age from 8-89 years. In this study, 
we used the five tests that are translated into Dutch, which are described below. 
Tower Test.
The child is required to build a target tower, which is shown in a picture, by moving 
different sized disks across three pegs in as few steps as possible as quickly as 
possible. The level of difficulty increases due to the number of disks increasing from 
3 to 5. The child is not allowed to place a larger disk on top of a smaller disk nor to 
move more than one disk at a time. The step-accuracy ratio is converted to a scale 
score as a measure of planning.
Color-Word Interference Test.
The Color-Word Interference Test is a version of the Stroop Test [66], which is used 
to assess inhibition and cognitive flexibility. The inhibition task requires the child to 
rapidly name the color in which words are printed, while inhibiting the more 
automatic task of reading the words. The cognitive flexibility task contains a shifting 
task in which naming the color of the word (instead of reading the word), alternates 
with reading the word when it is printed in a cadre. Scaled scores of completion 
time of both tasks were used as measure of inhibition and verbal cognitive flexibility.
Design Fluency Test.
This test consists of three one-minute tasks. The child is required to draw as many 
different designs on a paper with several boxes filled with dots, using only four lines. 
In the first task the filled dots must be connected to each other, in the second task 
the empty dots must be connected and in the third task the child is required to 
alternate between the filled and empty dots. The number of correct designs in the 
third task were converted into scaled scores and were used as a measure of 
nonverbal cognitive flexibility.
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20-Questions test.
A sheet with 30 pictures is presented to the child. The assignment is to pose as little 
“yes-or-no” questions as possible to identify the target picture. The overall 
achievement scale score is used as a measure of problem solving.
Trail-Making test.
Letter Number Switching task of the Trail-Making Test requires the child to quickly 
connect a series of letters and numbers randomly spaced on a paper by drawing a 
line alternating between the two (e.g. 1 – A – 2 – B). Norm scores of completion 
time is taken as a measure of verbal cognitive flexibility.
Dutch Auditory Verbal Learning Test
The Dutch Auditory Verbal Learning Test for children [64] consists of a list of 15 
nouns which was read aloud in the same order five consecutive times. After each 
list, the child is asked to name the words he remembered (free recall). After a 25 
minute interval, the child was asked again to recall the words (delayed recall). The 
total number of words of the free recall and the delayed recall were transformed to 
percentile scores with an age appropriate mean score of 5.5 (SD 1.5) and used as a 
measure of short-term verbal memory and long-term verbal memory, respectively.
Procedure
Speech perception assessments were performed under supervision of a clinical 
audiologist. Receptive word comprehension was measured by a language and 
speech pathologist, speech therapist or a child psychologist. EF tests were 
administered by a child psychologist. The order of the assessments was randomized 
for each participant. Children wearing CIs and HAs were addressed in their preferred 
mode of communication (speech or sign-supported speech) during the test session 
and were all wearing their CIs or HAs during the assessments. 
Statistical analyses
IMB SPSS Statistics 25 was used for all statistical analyses. Nonparametric analyses 
were used since the assumption of normality, tested with Kolmogorov-Smirnov 
test, was violated for almost all study variables. First, the median and interquartile 
range of the speech perception results for the CI and the HA groups were computed. 
The Mann-Whitney U test (p < 0.05) was used to evaluate whether speech 
perception, receptive vocabulary and EF results significantly differed between the 
CI and HA groups. Results of the verbal cognitive flexibility scale of the Trail Making 
Test were not presented, whereas 9% of the CI group and 11% of the HA group were 
unable to complete this task because they couldn’t complete the alphabet. The 
scores on this test will not give a real representation of both groups and will not be 
used in further analyses. Relative risk was used to investigate the clinical deviant 
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difference in EF results between CI and HA groups. Before calculating relative risk, 
the percentage of children with scores in the clinically deviant range of 1 SD or 
more below the mean of the normative reference data was calculated separately 
for children wearing CI and HAs. Clinical deviant scores of the D-KEFS test are 
equivalent to a scaled score below 7 and for the Dutch Auditory Verbal Learning Test 
results, a scaled score below 4. Relative risk was calculated using the following ratio:
    Percentage of children with clinically deviant scores in the CI group
Relative Risk = –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
  Percentage of children with clinically deviant scores in the HA group
Kendall’s Tau-b (p < 0.05) was used to investigate any relationships between speech 
perception, receptive vocabulary, EF and other study variables.
Results
Differences between children with CIs and HAs
Speech perception
The median speech perception score at 45 dB SPL in the CI group was 87.00% 
(interquartile range: 81.00-93.00). For the HA group, median speech perception 
score at 45 dB SPL was 68.00% (interquartile range: 50.00-76.00). Mann-Whitney U 
test indicated that speech perception scores at 45 dB SPL in the CI group (Mean 
Rank = 45.14, n = 43) were significantly higher than in the HA group (Mean Rank = 
20.15, n = 27), U = 995.00, z = 5.01, p = .000, two tailed. This effect can be 
described as a large effect (r = 0.60) and is illustrated in Figure 1. This means that 
more children with profound HI wearing CIs have better auditory capabilities with 
respect to perception of soft speech than children with severe HI with HAs. With a 
median speech perception score at 65 dB SPL of 93.00% (interquartile range: 
90.00-98.00) for the CI group and 96.00% (interquartile range: 90.00-100.00) 
for the HA group, there was no significant difference between CIs and HAs on 
speech perception at the conversation level. Both groups obtained ceiling scores. 
No normative data were available for hearing children for speech perception.
Language
The median receptive word comprehension quotient for the CI group was 93.00 
(interquartile range: 84.00 - 104.00). For the HA group, the median receptive 
word comprehension quotient was 96.00 (interquartile range: 85.00 - 101.00). 
Seventy-two percent of the CI group and 78% of the HA group achieved an average 
score on receptive word comprehension, The percentage of CI an HA children with 
scores in the clinically deviant range below 85 was 28% and 22%, respectively, 
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There was no significant difference in receptive word comprehension scores 
between children wearing CIs and HAs. Figure 2 shows the distributions of scores 
on the PPVT in both groups 
Figure 1. Distribution of speech perception scores on the speech perception test at 45 dB SPL 
in the CI and HA groups. 
Figure 2. Distributions of receptive word comprehension quotient scores on the PPVT in the 
CI and HA groups. 


















































































The Mann-Whitney U test showed no significant differences in EF domain scores 
between the CI and HA groups. Distributions of the scaled scores of both groups 
on the D-KEFS tests are presented in Figure 3. Figure 4 shows the distributions of CI 
and HA groups on the Dutch Auditory Verbal Learning Test. Median and interquartile 
ranges of EF outcomes are presented in the supplementary files.
Clinical relevance  
The percentage of children with scores in the clinically deviant range of 1 SD or 
more below the mean of the normative reference data was calculated separately 
for children wearing CIs or HAs (Table 2). Forty-four percent of children wearing CIs 
and 33% of children wearing HAs exhibited clinically deviant scores on planning. 
Regarding short-term verbal memory and long-term verbal memory, 47% and 44% 
of the children wearing CIs and 23% and 35% of the children with HAs, respectively, 
exhibited a clinically deviant score. Regarding inhibition, children wearing CIs had a 
relative risk of 2.71 (95% confidence interval, 1.19 – 6.17), which means that they 
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Figure 4. Distributions of scaled scores on the Dutch Auditory Verbal Learning Test in the CI 
and HA groups. 
HA group
CI group






















Table 2   Relative Risk (RR) of clinically significant executive function scores 
between CI and children wearing HAs.
Executive function domain Clinically 
deviant scores (%)






Inhibition 19 7 2.71 1.19 – 6.17
Verbal cognitive flexibility 24 11 2.18 1.13 – 4.21
Nonverbal cognitive flexibility 12 19 0.63 0.32 – 1.23
Planning 44 33 1.33 0.93 – 1.90
Problem solving 7 11 0.64 0.26 – 1.57
Short term verbal memory 47 23 2.04 1.35 – 3.10
Long term verbal memory 44 35 1.26 0.89 – 1.78
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were 2.71 times as likely to have inhibition problems compared to children wearing 
HAs. Children wearing CIs were also 2.18 (95% confidence interval, 1.13 – 4.21) 
times as likely to develop verbal cognitive flexibility problems compared to children 
wearing HAs. They also had 2.04 (95% confidence interval, 1.35 – 3.10) times 
increased short-term verbal memory problems compared to children wearing HAs. 
Associations between speech perception, language, executive 
function and other study variables
Kendall’s tau-b was used to investigate whether there were relationships among 
speech perception, receptive word comprehension and EF. Looking at the relation - 
ship among speech perception, receptive word comprehension and EF, a significant 
positive linear relation was observed between speech perception at 45 dB SPL and 
receptive word comprehension quotient in the HA group (τ =.284, p <.05, two-tailed, 
n = 27) and between speech perception at 45 dB SPL and planning in the HA group 
(τ =.307, p <.05, two-tailed, n = 27) but not in the CI group. A visual representation 
of the significant relationships with speech perception at 45 dB SPL is shown in 
Figure 5. Other significant relationships are presented in Table 3.
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Figure 5 A and B. Scatterplot of the positive linear correlation between speech perception 
at 45 dB SPL and receptive word comprehension quotient and between speech perception 
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Discussion
This study aimed to assess whether children with severe HI wearing HAs are dis -
advantaged in their developmental opportunities regarding perception of speech, 
language acquisition and executive function development compared to children 
with profound HI wearing CIs and would benefit from CIs over HAs. If speech 
perception performance can be improved by CIs in children with severe HI, 
we expect improved outcomes for language and EF. 
Speech perception
In agreement with our hypothesis, children with severe HI with HAs demonstrated 
significantly poorer recognition of soft speech (45 dB SPL) compared to children 
with profound HI with CIs. Children with severe HI wearing HAs reached a median 
speech perception score of 68%, whereas children with profound HI with CIs in this 
study reached a median score of 87%. Therefore, children with severe HI wearing 
HAs are disadvantaged and demonstrated less favorable auditory speech perception 
prerequisites for further developmental processes. However, the present study 
showed no difference in the perception of speech at a conversational level (65 dB 
SPL) between both groups. Median speech perception scores were 96% and 93%, 
respectively, which are at ceiling level. This is in contrast to the results of Leigh, 
Dettman [12], who reported that children with profound HI and CIs reached higher 
speech perception scores than children with severe and profound HI with HAs 
(PTA > 66 dB) for speech perception at 65 dB SPL. The difference in the outcomes 
of Leigh et al. compared to our study can be attributed to the age at cochlear 
implantation. The children with CIs in the study of Leigh et al all received their CI 
before three years of age, The mean age at cochlear implantation in our study was 
two years and 10 months with a standard deviation of 2 years and 8 months.  Yang, 
Hsieh [13] found that children with CIs exhibited better speech in noise perception 
scores than children with severe or profound HI with HAs (PTA > 70 dB). This shows 
that perception of speech in more challenging acoustic situations is better in 
children wearing CIs than in children with severe HI with HAs. Regarding the 
promising levels of speech perception in children with profound HI and CIs in our 
study, better perception of soft speech for children with severe HI might indeed be 
expected with the use of CIs instead of HAs. Several studies suggest broadening the 
auditory threshold inclusion criteria for pediatric cochlear implantation to a PTA of 
80 dB SPL [34]  or even 60 dB SPL [12]. In Belgium, the auditory criteria for CIs were 
recently revised to a PTA of 70 dB SPL [67]. In line with these results our findings 
suggest to adapt the auditory threshold inclusion criteria for pediatric cochlear 
implantation. 
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Furthermore, we hypothesized that when speech perception performance in 
children with severe HI can be improved with the use of CIs instead of HAs, this 
might result in improved outcomes for language. We did not observe a significant 
difference in receptive word comprehension between children with severe HI with 
HAs and children with profound HI with CIs. We did not observe a disadvantage in 
developmental opportunities regarding language for children with severe HI 
wearing HAs compared to children with profound HI with CIs. We did identify 
however a significant positive relationship between the perception of soft speech 
and receptive word comprehension in children wearing HAs, indicating better 
perception of soft speech leads to higher levels of receptive language in children 
wearing HAs. In the same vein, De Raeve, Vermeulen [68] reported a positive 
correlation between the perception of soft speech and verbal cognition in children 
wearing CIs. These results suggest that increased perception of soft speech in 
children with severe HI with HAs, perhaps due to CIs or assistive listening devices 
such as wireless microphones [69], could contribute to improved language 
development abilities. In contrast, a relationship between the perception of soft 
speech and receptive word comprehension was not observed in the children with 
profound HI with CIs. The absence of this relationship in the CI group is likely due 
to the ceiling effect of the children with profound HI with CIs on the speech 
perception test at 45 dB SPL. Approximately 80% of these children achieved soft 
speech perception scores of 75% or higher.
The relationship between speech perception and language development has 
already been demonstrated [7, 9, 70]. In our study, a small group of children with 
profound HI with CI exhibited relatively good speech perception levels but 
nevertheless exhibited poor language levels. One possible explanation could be 
that 50% of the children wearing CIs have unilateral CI. Research by De Raeve, 
Vermeulen [68] and Jacobs, Langereis [71] shows that bilateral CI users have better 
language and verbal cognitive outcomes than unilateral CI users. Currently, in the 
Netherlands, children with profound HI almost always receive bilateral CIs and are 
implanted earlier in life, hence improved developmental outcomes are expected in 
these children. Another explanation for the poorer language results in children with 
profound HI with CIs with good speech perception abilities could be that a small 
group of children wearing CIs may have language processing problems in addition 
to their HI, similar to children with specific language impairment [72, 73]. A third 
possible explanation could be related to the etiology of the children’s HI. A frequent 
diagnosis in children with HI is cytomegalovirus (CMV) or other severe disabling 
etiologies. It has been stated that children with CMV vary widely in their audiometric, 
language and cognitive outcomes [74, 75]. In our study the etiology of a large 
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proportion of the HA group was unknown. Etiology was therefore not included in 
the analyzes of this study. Fourth; it could be due to the relatively high age at 
intervention in our CI group (our study group had a relative late age at implantation 
M = 34 months, SD = 32). However, we did not observe a correlation between age 
at implantation and language or EF outcomes. As stated before, earlier implantation 
(before 12 months) leads to better auditory and language outcomes [2, 9, 10]. 
Executive function
Regarding EF outcomes, large proportions of children wearing HAs or CIs exhibited 
deviant scores in planning and verbal memory. The results in the other EF domains 
were all in line with the norm for hearing peers. No difference was observed in EF 
outcomes between children with profound HI with CIs and children with severe HI 
with HAs. This finding was also reported by Surowiecki, Sarant [76]. The participants 
in the study of Surowiecki, Sarant [76] were children with moderate to profound HI 
with HAs, whereas the participants in our HA group consisted of children with 
severe HI. In our study, a considerable proportion of children in both groups 
achieved a below-average score on planning, as well as delayed verbal memory 
tasks. In addition, twice as many children wearing CIs demonstrated short-term 
verbal memory problems than children wearing HAs. The result that children with 
profound HI with CIs have short-term memory problems is in line with other 
studies. AuBuchon, Pisoni [77] and Watson, Titterington [78] showed that children 
with profound HI wearing CIs had deviant short-term verbal memory development 
compared to hearing peers. In our study, twice as many children wearing CIs 
demonstrated short-term verbal memory problems than children with HAs. This 
could be attributed to the large number of children with unilateral CIs (51%) 
compared to the HA group, who had all bilateral HAs. Di Stadio, Dipietro [79] found 
that children with unilateral HI seem to exhibit increased memory problems 
compared to children with bilateral hearing devices or normal hearing peers. Stiles, 
McGregor [57] found that children with mild to severe HI wearing HAs showed 
resilience in verbal short-term memory and working memory, with the important 
caveat that all children wearing HAs in their study used oral communication and 
were enrolled in oral classrooms. It could be possible that the verbal/oral learning 
environment in the mainstream educational setting contributes to better rehearsal 
and larger storage capacities in the phonological loop of the working memory 
system. Therefore, educational setting could partly explain the observed differences 
in verbal memory between the HA and CI group in our study. In the HA group, 71% 
of the children were enrolled in a mainstream educational setting compared to 56% 
in the CI group. Intensive computer-based working memory training could be 
beneficial for memory and language skills in children with CIs within specific 
working memory and language tasks, which is called near transfer [80]. Perhaps 
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this also works for children with HAs. It remains unclear, however, how these 
improved skills will generalize across diverse situations and behaviors in daily life, 
also known as far transfer. It is therefore recommended that EF training should take 
place in daily life situations in which the child is typically situated, such as at school 
and at home or in sports or music training [81, 82]. 
This study demonstrates that a considerable proportion of children with HI 
experience problems in planning. A possible explanation for this might be that inner 
speech is reduced in children with severe or profound HI. Inner speech has an 
important role in self-regulation, cognition and behavior [51] and interferes with EF. 
Wallace, Peng [83] investigated the role of verbal mediation in a tower test task in a 
hearing population, demonstrating that efficient planning relies on inner speech, 
which seems to be related to language development [84]. The fact that we did not 
observe a direct relationship between language and planning in our study could be 
because we investigated only receptive vocabulary. According to Vygotsky’s theory 
of cognitive development, inner speech comprises a transformation from external 
social speech to private speech to inner speech. This implies that expressive 
language should also be investigated. However, inner speech is a complex and 
abstract level of language, containing more aspects such as thoughts, feelings and 
knowledge. It is a difficult concept to measure that cannot be captured in 
standardized language tests [51]. Further research should be undertaken to 
investigate the role of language and inner speech in EF in children with HI with CIs 
and HAs. We did identify a correlation between the perception of soft speech and 
planning in children with severe HI with HAs, indicating that improving the 
perception of soft speech abilities in children with severe HI with HAs, perhaps 
through CIs, may contribute to improved planning abilities.
Conclusions
In conclusion, the results of this study indicate that to obtain age adequate levels of 
language and EF abilities, ample speech perception in challenging situations is a 
necessary but is not a sufficient prerequisite. For children with severe HI who use 
HAs, improvement of the perception of soft speech is expected to improve 
receptive vocabulary and planning. For children with CIs, poor planning and verbal 
memory abilities cannot be directly attributed to deficits in perception of soft 
speech. These outcomes should be taken into account in the counselling  and 
decision making process for cochlear implant indication.
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Limitations
There are several limitations regarding participants in our study. With respect to 
children with profound HI with CIs, the mean age at implantation was relatively late 
(34 months). This may have affected language and EF results because early 
implantation leads to better outcomes [2, 9, 10]. Furthermore, this group consisted 
of 51% unilateral CI users in contrast to the children with severe HI with HAs, who 
had all bilateral HAs. Research shows that bilateral CI users have better language 
and cognitive outcomes than unilateral CI users [68]. Currently, Dutch children with 
profound HI almost always receive bilateral CIs and are implanted earlier in life, and 
improved developmental outcomes are expected in these children. With respect to 
children with severe HI with HAs in this study, only 4 children had a PTA higher than 
75 dB SPL. The vast majority of the group had a PTA between 60 dB SPL and 75 dB 
SPL. Seventy one percent of these children were enrolled in mainstream educational 
settings. Children with severe HI with larger hearing losses who were enrolled in 
special HI educational settings often declined to participate in this study. The results 
of children with severe HI with HAs in this study group may be an overestimation of 
children with severe HI with HAs in total. Further research with more matching 
research groups is needed to answer the question of which level of hearing loss CI 
could improve speech perception, resulting in better language and EF performance 
in children with severe HI.
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Q1 Median Q3 Q1 Median Q3
Inhibition 8.00 10.00 12.00 9.00 10.00 11.00
Verbal cognitive flexibility 7.75 10.00 12.00 9.00 10.00 12.00
Nonverbal cognitive flexibility 9.00 11.00 13.00 9.00 12.00 13.00
Planning 6.00 8.00 9.00 6.00 9.00 9.00
Problem solving 9.00 11.50 12.00 9.00 12.00 14.00
Short-term verbal memory 1.00 4.00 7.00 3.75 5.00 8.00
Long-term verbal memory 1.00 4.00 7.75 1.75 5.50 7.00
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MAIN FINDINGS AND GENERAL DISCUSSION
Cochlear implantation (CI) provides children with profound hearing impairment or 
deafness auditory access to sound, spoken language and verbal communication. 
Due to better speech perception results, results in language development of CI 
children are improved. In line with these results research in psychosocial and cognitive 
development are propitious. However, research on long-term psychosocial and 
cognitive developmental outcomes is limited. Therefore the first purpose of the 
present thesis was to study long-term psychosocial development of profoundly 
hearing impaired (HI) children and adolescents with CI. Three aspects of psychosocial 
development were investigated in terms of behavioral problems (Chapter 2), 
self-concept (Chapter 3) and personality traits (Chapter 4). A probable mediator in 
the relationship between hearing, language and psychosocial development may 
be executive function (EF). EF tasks as working memory, cognitive shifting, planning 
and inhibition are necessary for regulation of emotions and behavior, as also for 
language development [1-3]. Given the promising results in language and psychosocial 
development in profoundly HI children with CIs and the relatively poor performance 
on a variety of domains as language development, psychosocial development and 
academic achievements of children with a severe hearing impairment wearing 
hearing aids, there is an ongoing debate whether severely HI children with hearing 
aids may also benefit from CIs. In order to contribute to this debate it is important 
to investigate how severely HI children with hearing aids and profoundly HI children 
with CI develop in the long-term. Not only on auditory and language outcomes but 
specifically  on EF outcomes. Consequently, the second purpose of the present 
thesis was to study the long-term auditory, language and EF outcomes in severely 
HI children with hearing aids and profoundly HI children with CIs (Chapter 5). 
The main findings of this thesis will be described and discussed in this chapter. 
An overview of the long-term psychosocial and EF outcomes of profoundly HI 
children with CI will be drawn. New outcomes that should be taken into account in 
the decision making and counselling process for cochlear implant indication will be 
discussed. Relations between the outcomes of this thesis are presented in Figure 1. 
Furthermore, the limitations of the studies will be listed and directions for future 
research will be given.
Main findings 
Psychosocial development
Better speech perception possibilities are related to better language abilities. Good 
auditory perception abilities are necessary for the perception of auditory and 
linguistic refinements of social and emotional language, which includes intonation, 
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sarcasm and recognizing emotions and mental states of other people. One would 
assume that improved perception of speech and language abilities, due to CI, 
improves psychosocial developmental opportunities in profoundly HI children. 
Overall outcomes of this thesis show that psychosocial development regarding 
behavior (Chapter 2), self-concept (Chapter 3) and personality traits (Chapter 4) in 
profoundly HI children with CI is comparable to normal hearing peers. Especially, 
CI children with adequate speech perception and language abilities show little 
problems in these psychosocial developmental areas. However, a few CI children 
do experience psychosocial developmental problems, mostly due to lower speech 
perception and/or below average language developmental outcomes. Chapter 2 
describes that no difference was found in frequencies of behavioral problems in CI 
children compared to a normal hearing normative sample. In a few CI children 
with speech perception scores below 85% and below average receptive language 
development scores a higher frequency of behavioral problems were reported 
by teachers in the educational setting. Chapter 4 describes that no difference in 
personality traits in adolescents with CI with adequate speech perception and 
language comprehension development compared to a normal hearing normative 
sample was present. The CI adolescents with speech perception scores below 
85% and below average language comprehension scores are more likely to score 
in the clinical deviant range of the recalcitrance personality trait. This means that 
they show more postponement and avoidance behavior and are often more 
distrustful. This implicates that degraded communication abilities, due to limited 
perception of speech and language development, negatively impact psychosocial 
development [4]. Regarding to self-concept, relations with speech perception and 
language development were less distinctive. The only correlation was found between 
speech perception, language development and scholastic competence, as one of 
the aspects of self-concept. This may reflect the importance of hearing and 
communication in the educational setting. The relations between the perception 
of speech, language development, environment and psychosocial development 
are presented in Figure 1.
Cochlear implants or hearing aids
In chapter 5, long-term outcomes in speech perception, language and executive 
function (EF) in profoundly HI children with CI and severely HI children with hearing 
aids were investigated. This to add new information into the debate whether 
severely HI children may benefit from CIs over hearing aids. It was hypothesized 
that children with severe hearing impairment with hearing aids are disadvantaged in 
their developmental opportunities regarding perception of speech, language and 
EF development compared to children with profound hearing impairment with  CIs 
and might benefit from CIs over hearing aids. When results of the profoundly HI 
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children with CI show more positive results in terms of perception of speech, 
language comprehension and EF compared to children with severe HI with hearing 
aids, then this provides insight if CI can be a suitable treatment for children with 
severe HI using hearing aids. Results showed that severely HI children with hearing 
aids demonstrate significantly poorer recognition of soft speech compared to 
profoundly HI children with CIs. This study did not observe a significant difference 
in language comprehension between severely HI children with hearing aids and 
profoundly HI children with CI. However, a significant positive relation between the 
perception of soft speech and language comprehension was found in the severely 
HI children with hearing aids. This indicates that better perception of soft speech 
leads to higher levels of language comprehension for these children. Despite 
relatively good speech perception levels, a small group of profoundly HI children 
with CI still obtain below average language levels. These below average language 
levels may be attributed to other problems like unilateral CI, language processing 
problems, etiology related learning difficulties or a high age at implantation / long 
duration of deafness. The outcomes of our study revealed no significant difference 
in EF outcomes between the profoundly HI children with CI and the severely HI 
children with hearing aids. In both groups, a considerable proportion of children 
achieved a below average score on planning and verbal memory. A relationship 
between the perception of soft speech and planning in severely HI children with 
hearing aids was found, indicating that improving the soft speech perception 
abilities in severely HI children with hearing aids may contribute to better planning 
abilities. This correlation was not found in the profoundly HI children with CI. 
Possibly due to the ceiling effect of positive speech perception outcomes in the CI 
children. The beneficial effect of perception of soft speech through a CI should be 
taken into account in the cochlear implant decision making process. Figure 1 
presents the associations between the different outcome measures of chapter 5.
Clinical relevance and implications 
Speech perception
Profoundly HI children with CI in this thesis obtain speech perception scores at 65 
dB SPL at ceiling level. The levels of perception of soft speech at 45 dB SPL are also 
at ceiling level for the vast majority of profoundly HI children with CI (Chapter 5). 
These results are in line with other studies that show that speech recognition and 
perception improved substantially in profoundly HI children due to the application 
of CI [5, 6]. Based on these high levels of the perception of soft speech in profoundly 
HI children with CI and the lagging levels of the perception of soft speech in the 
severely HI children with hearing aids in this thesis one may say that severely HI 
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children with hearing aids would benefit from CI in order to achieve better speech 
perception results. Research of Leigh et al [7], Nekes [8] and Yang et al [9] also show 
results of profoundly HI children with early implantation of CIs, achieving speech 
perception scores better than severely HI children with hearing aids. The results of 
the profoundly HI children with CI in their studies are comparable to those of 
children with a moderate hearing impairment with hearing aids. It is not surprising 
that literature discusses and advices to lower the audiological thresholds criteria for 
pediatric cochlear implantation to a PTA of 60-80 dB SPL [7, 10]. In Belgium the 
audiological criteria for cochlear implantation are recently revised to a PTA of 70 dB 
SPL and speech perception scores with hearing aids of 30 – 50% [11]. In the 
Netherlands the leading criterium in children is the added value of CI over hearing 
aids in hearing and communicational development, assuming that there are 
medically and anatomically no objections [12]. But what is the added value of CI 
over hearing aids in severely HI children (PTA>60) in language, psychosocial and EF 
development (Chapter 5)? If language, psychosocial and EF development is on 
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average, despite lower speech perception levels in severely HI children with hearing 
aids, should CI still be considered? Cochlear implantation is a relative successful 
and safe procedure. There are, however, still risks which should be taken into 
account when opting for CI. In approximate 15 percent of the cases these risks 
express in minor complications such as acute otitis media and wound infections. In 
approximate 5 percent of the cases these risks express in major complications as 
bacterial meningitis or explantations [13, 14]. Because of these risks in cochlear 
implantation, it is important to weight the added value of CI on various developmental 
domains as language, psychosocial and EF development when opting for CI. 
Language development
Results of chapter 4 show that age at cochlear implantation is negatively related to 
speech perception and language development. Earlier access to the perception of 
speech is associated to less language developmental problems. This means that 
having a younger age at implantation positively impacts on language development. 
The vast majority of profoundly HI children with CI in chapters 2 & 5 obtain language 
development results on average level of normal hearing peers, despite their 
relatively high age at implantation. In accordance with the present results, previous 
studies have demonstrated that age at implantation, especially before the age of 12 
to 24 months, is negatively related to language developmental outcomes [5, 15, 16]. 
The results of chapter 4 & 5 show that the levels of the perception of speech in HI 
children is positively associated to language development. This relationship between 
speech perception and language development has already been demonstrated 
[5, 6, 17]. It indicates that better perception of speech is associated to higher levels 
of language development. In chapter 5, the severely HI children with hearing aids 
and the profoundly HI children with CI achieved adequate language scores on 
average. Nevertheless, despite the fact that children with severe hearing impairment 
with hearing aids achieved lower scores on the perception of soft speech, mostly 
inadequate scores, they still obtained comparable language developmental 
outcomes as profoundly HI children with CI. This indicates that the perception of 
soft speech is a necessary but is not a sufficient prerequisite for language 
development. The significant relationship between the perception of soft speech 
and language development, described in this thesis, indicates that severely HI 
children with hearing aids may develop even better language levels if they had 
better access to sound and speech perception. The difference in results of the 
perception of soft speech is presumably caused by the more favorable hearing 
thresholds obtained with the CI as opposed to the hearing aid in children with 
severe hearing impairment. Yang et al [9] found that children with CI exhibited 
better speech in noise perception scores than children with severe or profound 
hearing impairment with hearing aids. The better results of the perception of soft 
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speech and speech in noise implicates that perception of speech in more 
challenging acoustic situations is better in children wearing CIs than in children 
with severe HI with hearing aids. Better perception of speech in challenging 
acoustic situations enlarges the opportunities for language learning in social 
context. 
Children learn most language through overhearing others and in nonspecific 
learning situations, like social conversations from parents or peers at home or 
school. This is also referred to as unintentional or incidental learning [18, 19]. 
Overhearing others talking in these social conversations is often at distance or in 
noisy environments. Therefore the perception of soft speech, like hearing at 
distance, is important for incidental language learning [20]. Knowing that better 
perception of soft speech is related to better incidental learning possibilities and 
more language developmental abilities it would be expected that severely HI 
children with hearing aids obtain even better language developmental outcomes if 
they had better access to the perception of soft speech. However, in contrast to the 
results in chapter 5, Iwasaki et al[21] did find differences in language developmental 
outcomes in profoundly HI children with  CI compared to severely HI children with 
hearing aids (PTA > 70 dB SPL). The CI children obtained significantly higher scores 
on the receptive vocabulary test compared to the severely HI children with hearing 
aids. In order to enhance better incidental learning possibilities and to stimulate the 
language development of severely HI children with hearing aids even more, it is 
important to increase the perception of soft speech. This might be expected by 
providing CIs instead of hearing aids. 
Psychosocial development
This thesis presents positive outcomes in psychosocial development regarding 
behavior, self-concept and personality traits of CI children. This is of particular 
interest because it has been reported that prior to the application of CI a high 
proportion of profoundly HI children without CI experience problems in these 
psychosocial developmental areas [22-26]. Research has shown that not only 
hearing loss itself, but also a secondary problem as language developmental 
problems contribute to psychosocial developmental problems [4, 27]. Results of 
this thesis in behavior, self-concept and personality traits of CI children (Chapter 2, 
3 & 4) are in line with other studies who show that CI children with adequate speech 
perception and language development are at the same risk for developing 
psychosocial problems than normal hearing peers [4, 27]. The CI children with 
speech perception scores below 85% and below average language development 
results in this thesis are still at risk for developing psychosocial problems. It is 
therefore important that psychological screening and guidance in psychosocial 
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development and language of CI children is available, especially for those with poor 
perception of speech and language development. 
According to the social-ecological model of Bronfenbrenner [28] a child’s 
development is influenced by the quality of the environment in which the child lives 
or participates and the extent and nature of the interactions between these 
environments. Besides the perception of speech the social environment and 
interactions with others also interfere with language and psychosocial development. 
Parents play a crucial role in the psychosocial development of their children, since 
children spend most of their time in their early years with their parents [29, 30]. The 
results of chapter 2 show that psychosocial development in terms of behavioral 
problems differs in social environments. More behavioral problems in CI children 
with low speech perception and language levels were reported in the educational 
environment than in the home environment [31]. Educational contexts require 
different social, emotional and communication skills, there is more interaction with 
others like teachers and peers, than within the home environment [32]. Therefore, 
the social environment, which includes home and school, is included in the model 
of this thesis (Figure 1). 
The results of this thesis show propitious psychosocial developmental outcomes 
for profoundly HI children with CI. It is therefore paradoxical that severely HI 
children with hearing aids are more at risk for psychosocial developmental problems 
than profoundly HI children with CI [33-35].
Executive function
Chapter 5 shows that results of profoundly HI children with CI on inhibition, verbal 
cognitive flexibility, non-verbal cognitive flexibility and problem solving are in line 
with the norm for hearing peers. The outcomes of this thesis are more positive and 
in contrast to the results reported by Botting et al [36] who found that HI children 
(mean PTA = 90 dB SPL) with hearing aids or CI, obtain lower levels of similar EF 
skills than normal hearing peers. Research of Kronenberger et al [37] showed that 
CI children show more weaknesses in short term memory, inhibition and fluency 
speed compared to normal hearing peers. The weaknesses in planning and 
memory in HI children with CI in the studies of Botting et al [36] and Kronenberger 
et al [37] are in line with the results described in chapter 5 of this thesis.  A high 
proportion of CI children obtained deviant scores in planning and verbal memory. 
Also, a high proportion of severely HI children with hearing aids obtained deviant 
scores in planning and verbal memory. No difference in EF outcomes was found 
between the profoundly HI children with CI and the severely HI children with 
hearing aids. 
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Deficits in working memory are associated with poor performance on speech and 
language measures that require a great deal of cognitive control resources such as 
hearing in noise and language development [38, 39]. It has also been demonstrated 
that weaknesses in working memory are related to psychosocial developmental 
problems, especially behavior problems [40, 41], and academic achievement [2, 
42]. The most commonly used theory about working memory is from Baddeley 
and Hitch [43] and states that working memory comprises three components: a 
central executive, a phonological loop and a visuospatial  sketchpad. Later on, 
Baddeley [44] added the episodic buffer as a fourth component. The phonological 
loop consists of a storage component of two seconds and an active rehearsal 
mechanism to refresh the storage component [43, 45]. The rehearsal mechanism 
in the phonological loop of the working memory model of Baddeley and Hitch [43] 
is also referred to as inner speech [45]. Hearing impairment makes listening effortful, 
tiring and/or stressful. Extra listening effort and cognitive load is needed for the 
perception of speech, this can be detrimental for the cognitive resources needed 
for other cognitive processes as EF [46, 47]. The study of Nittrouer, Caldwell-Tarr 
[48] shows that storage capacity in the working memory system in HI children is 
poorer than that of normal hearing peers. Stiles, McGregor [49] found that HI 
children have lower articulation rates than normal hearing peers. Due to the slower 
articulation rates, the rehearsal mechanism in the phonological loop of the working 
memory is compromised and slower. With a slower rehearsal mechanism, and 
therefore slower inner speech, less information can be refreshed in the phonological 
storage. This limits the storage component in the phonological loop of the working 
memory in HI children [45, 49]. Reducing listening effort and therefore, cognitive 
load needed for the perception of speech in HI children with hearing aids, may lead 
to more or better possibilities to use cognitive resources in other EF and 
developmental tasks. Another factor in verbal memory in HI children may be the 
use of verbal communication in the social environment. More use of verbal 
communication in the educational environment may lead to more incidental 
learning possibilities and therefore larger vocabularies [18, 19]. As a consequence, 
HI children with larger vocabularies have faster articulation rates, inner speech, and 
performed better on the verbal working memory tasks [49]. So, increasing the 
speech perception results in HI children, may lead to better language development, 
which can lead to better verbal working memory. The relationship between 
language and EF skills such as working memory, among others, is probably 
bidirectional [50]. Verbal working memory is therefore an important outcome that 
should be taken into account in the counselling of HI children and the decision 
making process for cochlear implant indication. Especially because working 
memory is also a mediator for psychosocial development.  
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Inner speech is related to language development and has an important role in EF, 
self-regulation and psychosocial development [45, 51]. Inner speech may also be a 
factor in the high proportion of CI children and severely HI children with hearing 
aids who achieved a below average score on the planning task. Research of Wallace 
et al [52] showed that efficient planning relies on inner speech. According to 
Vygotsky’s theory of cognitive development, inner speech is a transformation from 
external social speech, into external private speech, into inner speech [45]. Knowing 
that planning relies on inner speech, one would expect a relation between language 
and planning to be found. Results in this thesis show no direct relation between 
language and planning. When we consider Vygotsky’s theory, in which inner 
speech is an internalization of social speech, expressive language should also be 
included in further research. However, inner speech is a difficult concept to measure 
and is hard to capture in standardized language tests [45]. It is important to 
investigate the role and relations between listening effort, inner speech and working 
memory in HI children, so that listening and developmental conditions can be 
optimized in order that HI children can reach their full potential. Therefore, on a 
theoretical basis, inner speech was also included in the model of this thesis (Figure 1).
Limitations and directions for future research
During and after conducting this research it became clear that there were a few 
limitations, especially with regard to the possibilities of generalizing the results to 
the children who are nowadays receiving a CI. The first limitation was the relatively 
high age at cochlear implantation in all studies of this thesis. The mean age at 
implantation ranged from 2;2 years (Chapter 2) to 3;8 years (Chapter 3). Since it is 
known that in children with profound hearing impairment, early implantation (i.e. 
before the age of one or two years) leads to sufficient speech perception and 
consequently age-appropriate language development, this may have effected our 
outcomes negatively [5, 6, 15, 16, 53-55]. Furthermore, in three of the four studies 
(Chapter 3, 4 and 5) the vast majority of the CI children had a unilateral CI. It is 
known that bilateral CI users obtain better perception of speech in challenging 
listening situations, which results in better language and cognitive outcomes than 
unilateral CI users [56, 57]. The relatively high age at implantation and the fact that 
the vast majority of our study population had unilateral CI increases the applicability 
of our results. Nowadays, it is standard practice that Dutch children with congenital 
profoundly hearing impairment receive bilateral CI and are implanted earlier in life, 
often at the age of 9 months. So even better developmental outcomes are expected 
in these children. It is therefore recommended to continue psychological screening 
in language, psychosocial and EF development of children with CI or hearing aids 
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in the future for the counselling process and in order to determine at which degree 
of hearing impairment cochlear implant should be considered. 
Furthermore, with regard to the severely HI children with hearing aids in chapter 5 
it should be noted that only four children had a PTA higher than 75 dB SPL. The vast 
majority of the group had a PTA between 60 dB SPL and 75 dB SPL. Regarding 
educational setting 71% of the children with hearing aids were enrolled in a 
mainstream educational setting. Parents of severely HI children with hearing aids 
with a PTA higher than 75 dB SPL and who are enrolled in special HI educational 
settings often declined to participate. The most common reason was that these 
children already received a lot of care and have been examined many times. 
Therefore, the results of the severely HI children with hearing aids in this study 
group may be an overestimation of the severely HI children with hearing aids in 
general. Despite this, they still obtain lower scores on the perception of soft speech 
than the CI children. Further research with better distributed degree of hearing 
impairment in the hearing aids group and a better matching hearing aids and CI 
group regarding bilateral hearing devices and educational settings is needed. This 
to answer the question at which level of hearing impairment CI may improve 
speech perception, resulting in better language and EF performance in severely HI 
children with hearing aids.
It is generally known that conducting research leads to new research questions. 
One of these new research questions that came up is; what is the role of listening 
effort, inner speech and working memory in HI children and how are these 
concepts related to each other. This is of particular interest because once knowing 
if and how these concepts are related to each other, it can be investigated whether 
reducing listening effort in severely HI children with hearing aids leads to better 
developmental outcomes in inner speech, language development and EF and as 
consequence psychosocial development. This can be of added value in the 
cochlear implant indication decision making process in severely HI children with 
hearing aids. Further research regarding the relations between these concepts also 
helps to substantiate the model of this thesis. To investigate listening effort it is 
recommended to combine several cognitive-behavioral and physiological 
measures as described in Pichora-Fuller et al [47] in order to obtain the most 
complete overview of listening effort. Regarding inner speech, the covert nature of 
inner speech makes it hard to investigate [58]. Vissers et al [58] state that it is 
unknown to what extent children with hearing impairment rely on inner speech 
during cognitive processes as needed in EF tasks. Still little is known about the role 
that language developmental problems play in inner speech development in HI 
children. Therefore, also in research regarding inner speech it is recommended to 
558155-L-bw-Boerrigter
Processed on: 29-3-2021 PDF page: 129
129
6
MAIN FINDINGS AND GENERAL DISCUSSION
combine cognitive-behavioral and physiological measures [58]. Between-group 
comparisons: normal hearing children – severely HI children with hearing aids – CI 
children, are necessary to make outcomes useful for the cochlear implant indication 
decision making process. 
Conclusions
Positive outcomes in psychosocial development regarding behavior, self-concept 
and personality traits, and also executive function of profoundly HI children with 
CI are presented in this thesis. The vast majority of CI children obtain the same 
levels in psychosocial and executive function development as their normal hearing 
peers. These are outstanding and promising results for profoundly HI children 
with CI. However, CI children with low speech perception and/or poor language 
developmental outcomes are still at risk for psychosocial developmental problems. 
Psychological screening and guidance in psychosocial and language development 
of CI children is essential for these children. Regarding executive function; inhibition, 
verbal cognitive flexibility, non-verbal cognitive flexibility and problem solving are in 
line with the norm for hearing peers. However, approximate one third to a quarter 
of severely HI children with hearing aids and profoundly HI children with CI obtain 
below average levels of working memory and/or planning. Results in this thesis 
show relationships between the perception of soft speech and language 
comprehension, and between the perception of soft speech and planning. This 
indicates that severely HI children with hearing aids may develop better language 
and planning levels if they had more or better access to the perception of soft 
speech. CI can be a suitable treatment in order to enlarge the perception of soft 
speech. This is of added value in the cochlear implant indication decision making 
process in severely HI children with hearing aids. A careful multi-discipline 
consideration of the otorhinolaryngologist, audiologist, psychologist and speech- 
and language therapist and shared decision-making with the parents and the 
implant candidates, when they are able to make these rational choices, is necessary 
in order to make a thorough choice for cochlear implantation. Results of this thesis 
should be taken into account in the cochlear implant indication counselling and 
decision making process.
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Chapter 1 concerns  a general introduction to cochlear implantation in profoundly 
hearing impaired (HI) and deaf children. Each year approximately 200 children in the 
Netherlands are born with a hearing impairment. As a result of hindered perception 
of speech and language development it is hard to understand social and emotional 
language. Psychosocial problems are therefore often reported in profoundly HI 
children. Cochlear implantation has become a suitable treatment for profoundly HI 
children enabling them access to speech and language through hearing. Even 
though CI improves hearing and language development in profoundly HI children, 
the perception of sound and speech is still not the same as in normal hearing peers. 
The influence of CI on the perception of speech, language development and the 
relationship with psychosocial development was discussed in this chapter. Because 
hearing, language and communication development is related to psychosocial 
development, it is important to realize that profoundly HI children with CI(s) are 
at risk for psychosocial developmental problems. Therefore the first purpose of 
the present thesis was to study long-term psychosocial development of profoundly 
HI children and adolescents with CI(s). In this thesis psychosocial development 
is divided in three outcome measures: behavioral problems, self-concept and 
personality traits. 
A probable mediator in the relationship between hearing, language and psychosocial 
development may be executive function. Executive function refers to a set of higher 
order cognitive processes, which are necessary for adaptive and goal-oriented 
behavior. Executive function is involved in the self-regulation of thoughts, actions 
and emotions and includes skills such as planning, working memory, attention, 
inhibition, flexibility and problem solving and is, therefore, an important topic of 
research in long-term developmental outcomes of profoundly HI children with 
CI(s). There is an ongoing debate whether also severely HI children with hearing 
aids may benefit from CI(s). Profoundly HI children with CI(s) show promising results 
in language and psychosocial development in contrast to severely HI children with 
hearing aids who show relatively poorer performance on these domains. Therefore 
the second purpose of the present thesis was to study the long-term auditory, 
language and executive function developmental outcomes in severely HI children 
with hearing aids and profoundly HI children with CI(s) to determine whether 
severely HI children that use hearing aids are disadvantaged in their development 
compared to profoundly HI children with CI(s), and may potentially benefit from 
CI(s). The various outcome measures of this thesis and the relationships between 
these outcome measures were visualized in a theoretical model.
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In Chapter 2 we examined psychosocial development in terms of behavioral 
problems. The main aim was to  investigate the frequency of behavioral problems 
reported by parents and teachers in children with CI(s) as compared to a hearing 
normative sample. We also measured the parent-teacher agreement rate and 
investigated the relation between the perception of speech, language development 
and the frequencies of reported behavioral problems. Parents and teachers of 71 
children with CI(s) filled in the CBCL and TRF. Results show that 14 % of the parents 
reported behavioral problems in the children with CIs and 18% of the teachers 
which is well in line with the Dutch normative sample. The frequencies of behavioral 
problems reported by parents and by teachers of the profoundly HI children with 
CI(s) were considerably lower as compared to those reported in preceding literature 
regarding profoundly HI children with hearing aids, which is probably a consequence 
of the favorable level of speech perception and language abilities of the children 
with CI(s) in our study. The parent-teacher agreement in behavioral scales was low 
to fair, underpinning the importance of a multi-environment approach in the 
assessment of behavioral problems. Results show that a significantly higher frequency 
of behavioral problems was reported by teachers in the school setting in children 
with poor perception of speech and low language development results. Adequate 
auditory speech perception skills and language abilities are found to be protective 
factors for the development of context appropriate behavior in profoundly HI 
children with CIs.
Self-concept is also one of the outcome measures of psychosocial development in 
children in this thesis. Little is known about the impact of CI on self-concept 
because most research has been conducted on the more emotional aspect of the 
impact of CI on the perception of our self: self-esteem. In Chapter 3 self-concept, 
divided in perceived competence and global self-worth, of 53 children and 
adolescents with CI was investigated. Results were compared to a Dutch normal 
hearing normative sample. In the Scholastic Competence, Athletic Competence, 
Physical Appearance and Behavioral Conduct domains larger proportions of high 
perceived competence levels were found in the children with CI compared to the 
hearing normative sample. Next CI children were divided in two subgroups, based 
on educational setting (e.g. mainstream educational settings and special HI 
educational settings) whereas the educational setting determines the type of peer 
group which children compare themselves to. Children with CIs in the mainstream 
educational setting were found to have larger proportions of high levels on these 
domains both in comparison  to the normal hearing normative sample and the CI 
children in special HI educational settings. Children with CI in the special HI educational 
setting reported comparable self-concept scores as their hearing peers. Higher 
speech perception and language comprehension levels were associated to higher 
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outcomes in the Scholastic Competence domain. The outcomes of this study 
show relatively high levels of perceived competence on various domains; however, 
subtle needs might still be present.
Chapter 4 describes the results of our research in personality traits of 59 adolescents 
with CI as compared to a normal hearing normative sample. To the best of our 
knowledge no prior research has been conducted on personality traits in profoundly 
HI adolescents with CI. Personality traits that reflect social relations, self-con-
science and school- and task orientation in adolescents with CI are similar to those 
in normal-hearing peers. This holds despite variations in speech perception ability 
and language comprehension levels. On the recalcitrance scale the adolescents 
with CI with low speech perception and poor language comprehension scores are 
more likely to score in the clinical deviant range and are at risk. A clinical deviant 
score on the recalcitrance is associated with a postponement, distrustful and 
avoidance trait with little or no responsibility regarding one’s own actions. It could 
be that the unpredictability of actions of others, based on lack of auditory information 
or misinterpretations in communication might result in suspicion and lack of trust 
in adolescents with CI. This is an important factor to consider for both schools and 
services guiding these young adults.
There is a debate whether also severely HI children could benefit from CIs over 
hearing aids knowing that early implanted profoundly HI children with CI achieve 
speech perception scores that are better than severely HI children with hearing aids 
and comparable to moderate HI children with hearing aids. The debate about the 
benefits of CI in severely HI children is of utmost importance, since speech perception 
is an important prerequisite for language development, psychosocial development 
and executive function development. Therefore the main aim in Chapter 5 was to 
determine if severely HI children with hearing aids are disadvantaged in their 
developmental opportunities regarding the perception of speech, language and 
executive function as compared to profoundly HI children with CI(s), and would 
they potentially benefit more from CIs over hearing aids? On average, children 
with hearing impairment obtained ceiling scores for perception of speech on a 
conversational level. Severely HI children with hearing aids exhibited significantly 
lower perception of soft speech perception scores than the profoundly HI children 
with CI(s). The median receptive vocabulary levels for both groups were well within 
the normal range. Regarding executive function, in both groups a large proportion 
of HI children obtained below-average scores for planning and verbal memory, 
about half of the children in the CI group and about one-third of the hearing aids 
group. No significant difference in executive function was observed between both 
groups. In the severely HI children with hearing aids, perception of soft speech was 
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associated with receptive vocabulary and planning. The results of this study indicate 
that in order to obtain age adequate levels of language and executive function, 
ample speech perception in challenging situations is a necessary but insufficient 
prerequisite. For children with severe hearing impairment who use hearing aids, 
improvement of the perception of soft speech is expected to improve receptive 
vocabulary and planning. These outcomes should be taken into account in the 
counselling and decision making process for cochlear implant indication.
Chapter 6 contains the main findings and a general discussion of the studies 
described in this thesis. The vast majority of CI children obtain the same levels in 
psychosocial and executive function  development as their normal hearing peers. 
These are outstanding and promising results for profoundly HI children with CI. 
However, CI children with low speech perception and/or poor language developmental 
outcomes are still at risk for psychosocial developmental problems. Psychological 
screening and guidance in psychosocial and language development of CI children 
is still essential. Regarding EF, a large proportion of severely HI children with hearing 
aids and profoundly HI children with CI(s) obtain below average levels of verbal 
memory and/or planning. Relationships between the perception of soft speech 
and language comprehension, and between the perception of soft speech and 
planning indicate that severely HI children with hearing aids may develop even 
better language and planning levels if they had more or better access to the 
perception of soft speech. Implications of these outcomes for clinical practices 
are discussed. The effect of mediating factors as listening effort and internal speech 
on language development, executive function and psychosocial development are 
discussed and presented in a theoretical model. Recommendations for future 
research are offered. 
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In hoofdstuk 1 wordt een inleiding gegeven over cochleaire implantatie bij zeer 
ernstig slechthorende en dove kinderen. In Nederland worden jaarlijks ongeveer 200 
kinderen geboren met een gehoorverlies. Als gevolg van de beperkte mogelijkheden 
om spraak te verstaan en de daardoor achterblijvende taalontwikkeling is het voor 
hen moeilijk om sociale en emotionele taal te begrijpen. Psychosociale problemen 
zijn dan ook veelvoorkomend bij zeer ernstig slechthorende en dove kinderen. 
Een cochleair implantaat (CI) biedt zeer ernstig slechthorende en dove kinderen 
tegenwoordig de mogelijkheid om spraak en taal te verstaan. Ook al geeft een CI 
de mogelijkheid om te horen, de perceptie van geluid en spraak is niet hetzelfde als 
bij normaal horende kinderen. De invloed van CI op de perceptie van spraak, 
taalontwikkeling en de relatie met psychosociale ontwikkeling worden besproken 
in dit hoofdstuk. Omdat horen, taal en communicatieve ontwikkeling gerelateerd is 
aan de psychosociale ontwikkeling is het belangrijk om te beseffen dat zeer ernstig 
slechthorende kinderen met CI’s het risico lopen om psychosociale problemen te 
ontwikkelen. Het eerste doel van dit proefschrift is dan ook om de lange termijn 
psychosociale ontwikkeling van zeer ernstig slechthorende en dove kinderen en 
adolescenten met CI’s te bestuderen. Psychosociale ontwikkeling wordt in dit 
proefschrift opgedeeld in drie uitkomstmaten: gedragsproblemen, zelfconcept en 
persoonlijkheidskenmerken. 
Executief functioneren kan mogelijk een mediator zijn in de relaties tussen horen, 
taal en psychosociale ontwikkeling. Executieve functies verwijzen naar een reeks 
hogere cognitieve processen die nodig zijn voor adaptief en doelgericht gedrag en 
zijn betrokken bij de zelfregulatie van gedachten, handelingen en emoties. Executieve 
functies omvatten vaardigheden zoals planning, werkgeheugen, aandacht, inhibitie, 
cognitieve flexibiliteit en probleemoplossend vermogen. Executief functioneren is 
daarom een belangrijk onderwerp in onderzoek naar de lange termijn ontwikkeling 
van ernstig slechthorende kinderen met CI’s. Omdat zeer ernstig slechthorende 
kinderen met CI’s veelbelovende resultaten laten zien op het gebied van taal en 
psychosociale ontwikkeling, in tegenstelling tot ernstig slechthorende kinderen met 
gehoorapparaten die relatief minder goede prestaties laten zien op deze domeinen, 
is er een discussie gaande of ernstig slechthorende kinderen met gehoorapparaten 
ook baat kunnen hebben bij CI’s. Het tweede doel van dit proefschrift is daarom 
het in kaart brengen van de auditieve en taalontwikkeling mogelijkheden, alsook het 
executief functioneren van ernstig slechthorende kinderen met hoorapparaten en 
zeer ernstig slechthorende kinderen met CI’s op de lange termijn. Dit om te bepalen 
of kinderen met ernstige gehoorverliezen die gehoorapparaten gebruiken benadeeld 
zouden kunnen zijn in hun ontwikkeling ten opzichte van zeer ernstig slechthorende 
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kinderen met CI’s. En om te bepalen of zij eventueel baat zouden hebben bij een CI 
in plaats van hoortoestellen. De verschillende uitkomstmaten van dit proefschrift 
en de relaties tussen deze uitkomstmaten werden gevisualiseerd in een theoretisch 
model.
In Hoofdstuk 2 is een onderdeel van de psychosociale ontwikkeling, met als 
uitkomstmaat gedragsproblemen, onderzocht. Het belangrijkste doel was om de 
frequentie van gedragsproblemen bij kinderen met CI, gerapporteerd door ouders 
en leerkrachten, te onderzoeken en te vergelijken met een Nederlandse normaal-
horende normgroep. We onderzochten ook de mate van overeenstemming tussen 
rapportages van ouders en leerkrachten en onderzochten de relatie tussen de 
perceptie van spraak, taalontwikkeling en de frequentie van gerapporteerde 
 gedragsproblemen. Ouders en leerkrachten van 71 kinderen met CI’s hebben 
 respectievelijk de CBCL en TRF ingevuld. De resultaten laten zien dat 14% van de 
ouders gedragsproblemen melden en 18% van de leerkrachten. Dit komt overeen 
met de frequentie van gedragsproblemen in de Nederlandse normaalhorende 
normgroep. De frequenties van gedragsproblemen gemeld door ouders en 
leerkrachten van de zeer ernstig slechthorende kinderen met CI’s waren aanzienlijk 
lager dan die gerapporteerd in voorgaande literatuur over zeer ernstig slechthorende 
kinderen met gehoorapparaten. Dit is waarschijnlijk een gevolg is van het gunstige 
niveau van spraakperceptie en taalvaardigheid van de kinderen met CI’s in onze 
studie. Er wordt geadviseerd om gebruik te maken van meerdere informatie-
bronnen bij de beoordeling van gedragsproblemen van kinderen met CI’s, omdat 
de mate van overeenstemming tussen de rapportages van ouders en leerkrachten 
niet hoog was. Een significant hogere frequentie van gedragsproblemen werd 
gerapporteerd door leerkrachten in de schoolomgeving bij kinderen met slechte 
perceptie van spraak en lage taalontwikkeling. Adequate auditieve mogelijkheden, 
perceptie van spraak en taalvaardigheden blijken beschermende factoren te zijn 
voor de ontwikkeling van gedrag van zeer ernstig slechthorende kinderen met CI’s.
Zelfconcept (zelfbeeld) is ook één van de uitkomstmaten van psychosociale 
ontwikkeling bij kinderen in dit proefschrift. Er is weinig bekend over de impact van 
CI op het zelfbeeld, omdat het meeste onderzoek is gedaan naar het meer 
emotionele aspect van de perceptie van ons zelf: zelfvertrouwen. In Hoofdstuk 3 
werd het zelfbeeld, opgedeeld in competentiebeleving en gevoel van eigen waarde, 
van 53 kinderen en adolescenten met CI onderzocht. De resultaten werden 
vergeleken met een normaalhorende Nederlandse normgroep. In vergelijking met 
deze normgroep is er een significant grotere groep ernstig slechthorende kinderen met 
CI’s dat een hoge score behaalt op de domeinen schoolvaardigheden, sportieve 
vaardigheden, fysieke verschijning en gedragshouding. Hoge scores betekenen dat 
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kinderen zichzelf zeer competent vinden op deze specifieke domeinen. Vervolgens 
werden de kinderen met CI verdeeld in twee subgroepen, op basis van onderwijs-
setting (regulier onderwijs en cluster 2 onderwijs). Dit omdat de onderwijssetting 
bepaalt met welke groep kinderen zij zichzelf vergelijken. In vergelijking met de 
normaalhorende Nederlandse normgroep is er een significant grotere groep 
kinderen met CI’s in de reguliere onderwijssetting die hoge scores behalen op de 
domeinen schoolvaardigheden, sportieve vaardigheden, fysieke verschijning en 
gedragshouding. Ook in vergelijking met kinderen met CI’s in cluster 2 onderwijs 
behaalt een significant grotere groep kinderen met CI’s in de reguliere onderwijs-
setting hoge scores op deze domeinen. Kinderen met CI’s in cluster 2 onderwijs-
settingen rapporteerden vergelijkbare zelfbeeld scores als hun horende leeftijds-
genoten. Een hoger niveau van spraakperceptie en/of taalbegrip  is gerelateerd 
aan een hogere score op het schoolvaardigheden domein. De uitkomsten van 
deze studie laten relatief hoge niveaus van competentiebeleving en gevoel van 
eigenwaarde zien bij kinderen met CI’s; er kunnen echter nog steeds subtiele 
behoeften zijn bij deze kinderen die belangrijk zijn om te signaleren en te begeleiden.
Hoofdstuk 4 beschrijft de resultaten van ons onderzoek naar persoonlijkheids-
kenmerken van 59 adolescenten met CI’s in vergelijking met een normaalhorende 
Nederlandse normgroep. Voor zover bij ons bekend, is er niet eerder onderzoek 
gedaan naar persoonlijkheidskenmerken bij zeer ernstig slechthorende adolescenten 
met CI’s. Persoonlijkheidskenmerken van adolescenten met CI’s die sociale relaties, 
zelfbewustzijn en school- en taakgerichtheid weerspiegelen zijn vergelijkbaar met 
die bij normaal horende leeftijdsgenoten. Ook bij de kinderen die minder goed 
spraak kunnen verstaan of een minder goede taalontwikkeling hebben. Op de 
recalcitrantie schaal, die wordt geassocieerd met een uitstellend, wantrouwend 
en vermijdende persoonlijkheid en een persoon kenmerkt die weinig of geen 
 verantwoordelijkheid voor het eigen handelen neemt, scoren de adolescenten 
met een CI die lage spraakperceptie en lage taalbegripsscores hebben vaker dan de 
normaalhorende normgroep klinisch afwijkend. Het kan zijn dat de onvoorspel-
baarheid van acties van anderen, gebaseerd op een gebrek aan auditieve informatie 
of verkeerde interpretaties in de communicatie, kan leiden tot achterdocht en 
gebrek aan vertrouwen bij adolescenten met CI’s. Dit is belangrijke om mee te 
nemen voor zowel scholen als organisaties die deze jongvolwassenen begeleiden.
Er een discussie gaande of ernstig slechthorende kinderen met gehoorapparaten 
ook baat kunnen hebben bij CI’s. Zeer ernstig slechthorende kinderen met vroeg 
geïmplanteerde CI’s laten veelbelovende resultaten zien op het gebied van taal en 
psychosociale ontwikkeling, in tegenstelling tot ernstig slechthorende kinderen 
met gehoorapparaten die relatief minder goede uitkomsten laten zien op deze 
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domeinen. Het debat over de voordelen van CI bij ernstig slechthorende kinderen 
is van groots belang aangezien spraakperceptie een belangrijke voor - waarde is 
voor taalontwikkeling, psychosociale ontwikkeling en de ontwikkeling van 
executieve functies. Het belangrijkste doel van hoofdstuk 5 was dan ook om te 
bepalen of kinderen met ernstige gehoorverliezen die gehoorapparaten gebruiken 
benadeeld zouden kunnen zijn in hun ontwikkeling ten opzichte van zeer ernstig 
slechthorende kinderen met CI’s. En om te bepalen of zij eventueel baat zouden 
hebben bij een CI in plaats van hoortoestellen. Vrijwel alle (zeer) ernstig slecht -
horende kinderen die mee deden met het onderzoek behaalden een plafondscore 
op de spraakperceptie test op conversatieniveau (65 dB SPL).  Op de spraakperceptie 
test voor zachte spraak (45 dB SPL) behaalden de ernstig slechthorende kinderen 
met hoortoestellen significant lagere scores dan de zeer ernstig slechthorende 
kinderen met CI’s. De resultaten van beide groepen kinderen op de receptieve 
woordenschattest bleken voor de meeste kinderen binnen het gemiddelde te 
vallen. Wat het executief functioneren betreft: een groot deel van de (zeer) ernstig 
slechthorende kinderen in beide groepen behaalden beneden gemiddelde scores 
op planningsvaardigheden en verbaal geheugen. Dit was bij ongeveer de helft van 
de kinderen met CI’s en bij ongeveer een derde van de kinderen met hoortoestellen. 
Er werd geen significant verschil in executief functioneren waargenomen tussen 
beide groepen. We zagen geen nadeel in ontwikkelingskansen met betrekking tot 
de perceptie van spraak op conversatieniveau, taal en executieve functies bij ernstig 
slechthorende kinderen met hoortoestellen in vergelijking met zeer ernstig slecht -
horende kinderen met CI’s. De ernstig slechthorende kinderen met hoortoestellen 
behaalden echter wel significant lagere scores op de perceptie van zachte spraak. 
Bij deze ernstig slechthorende kinderen met gehoorapparaten is een relatie 
gevonden tussen de perceptie van zachte spraak met receptieve woordenschat en 
met planningsvaardigheden. De resultaten van deze studie geven aan dat verstaan-
baarheid van spraak in uitdagende luistersituaties een noodzakelijke maar onvoldoende 
voorwaarde is om taal en executieve functies leeftijdsadequaat te ontwikkelen. 
Voor kinderen met een ernstig gehoorverlies die gehoorapparaten gebruiken 
wordt verwacht dat verbetering van de perceptie van zachte spraak, misschien 
door CI’s, de receptieve woordenschat en planningsvaardigheden kan verbeteren. 
Deze uitkomsten zouden moeten worden meegenomen in het advies- en besluit-
vormingsproces voor de indicatie van een cochleair implantaat.
Hoofdstuk 6 bevat de belangrijkste bevindingen en een algemene discussie van de 
studies die beschreven zijn in dit proefschrift. De overgrote meerderheid van de 
kinderen met CI’s behalen dezelfde niveaus in psychosociale ontwikkeling en het 
executief functioneren als normaal horende leeftijdsgenoten. Dit zijn uitstekende 
en veelbelovende resultaten voor zeer ernstig slechthorende kinderen met CI’s. De 
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kinderen met CI’s die relatief slechte perceptie van spraak hebben en/of een lage 
taalontwikkeling hebben lopen echter nog steeds een groot risico op psychosociale 
ontwikkelingsproblemen. Psychologische screening en begeleiding bij psychosociale- 
en taalontwikkeling van kinderen met CI is daarom zeer belangrijk. Kijkend naar 
het executief functioneren blijkt dat een groot gedeelte van de (zeer) ernstig 
slechthorende kinderen met CI’s dan wel hoortoestellen beneden gemiddelde 
resultaten behaalt op verbaal geheugen en planningsvaardigheden. Relaties tussen 
de perceptie van zachte spraak en taalbegrip, en tussen de perceptie van zachte 
spraak en planningsvaardigheden geven aan dat ernstig slechthorende kinderen 
met gehoorapparaten nog betere taalniveaus en planningsvaardigheden zouden 
kunnen ontwikkelen als ze meer of betere toegang hadden tot de perceptie van 
zachte spraak. De implicaties van deze uitkomsten voor de klinische praktijk worden 
besproken in dit hoofdstuk. Het effect van mediërende factoren zoals luisterinspanning 
en interne spraak op taalontwikkeling, executieve functies en psychosociale ontwikkeling 
worden besproken en gepresenteerd in een theoretisch model. Het hoofdstuk wordt 
afgesloten met aanbevelingen voor toekomstig onderzoek.
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This thesis is based on the results of human studies which were conducted in 
accordance with the principles of the Declaration of Helsinki. The medical and 
ethical review board Committee on Research Involving Human Subjects Region 
Arnhem - Nijmegen the Netherlands has given approval to conduct these studies.
Informed consent
Written informed consent for use of patient file data of all CI participants of the 
Radboudumc in the studies of chapter 2, 3, 4 and 5 was obtained at the start of the 
cochlear implant process. Regarding the children with hearing aids of the 
Radboudumc and the other speech and hearing centers of chapter 5; all parents of 
participants and participants above age 12 provided written informed consent for 
use of their data.  
Privacy
The privacy of the participants in this study was guaranteed by use of encrypted 
and unique individual subject codes. There are code lists for each study described 
in this thesis, which are protected with a password. The code lists are stored 
separately from the study data. Only the PhD student and promotors have access 
to these code lists. Y:\Hearing_Implants\CI or Hearing Aids\Datamanagement\
Codelijsten 
Data storage
All patient file data of chapter 2, 3 and 4 was directly entered into SPSS, which 
thereby served as both source document and database. Regarding chapter 5 the 
anonymized data was entered into Castor EDC, which was only accessible by the 
research team. After acceptation of the manuscript of chapter 5 the Castor EDC 
database will be closed and archived. The data of Castor EDC was exported into 
SPSS for statistical analysis. The SPSS datafiles of all chapters are protected with a 
password and only accessible by the PhD student and the promotors. Data used in 
this thesis is stored on the Radboudumc, Otorhinolaryngology department server: 
Y:\Hearing_Implants\ CI or Hearing Aids.
The paper data are stored in a locked cabinet in the department archive 
(Radboudumc, room M359.00.541). Code lists are stored in a locked cabinet in a 
separate room (Radboudumc, room M359.00.534). 
The data will be saved for 15 years after termination of the study (when the 
manuscript of chapter 5 is accepted). The datasets analyzed during these studies 
are available from the PhD student or promotors on reasonable request.
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Merle Boerrigter werd op 27 oktober 1988 geboren te Vasse. In 2007 behaalde zij 
haar eindexamen VWO aan het SG. St. Canisius te Almelo. Hierna verhuisde zij naar 
Nijmegen om de opleiding ergotherapie te volgen aan de Hogeschool van Arnhem 
en Nijmegen. In 2011 rondde zij deze opleiding af met een specialisatie in de neuro-
revalidatie. Aansluitend ging zij werken als kinderergotherapeut bij ergotherapie-
praktijk ’t Dijkhuis (nu EVE) te Borne. Gelijktijdig startte zij de (pre-) master studie 
Orthopedagogiek aan de Universiteit Utrecht. Tijdens haar masterstudie deed zij 
ervaring op als orthopedagoog/psycholoog op het Audiologisch Centrum van 
de afdeling Keel-, Neus- en Oorheelkunde van het Radboudumc en behaalde zij 
haar diagnostische aantekening. Tevens voltooide zij haar afstudeeropdracht: 
 ‘Persoonlijkheid van adolescenten met een Cochleair Implantaat’, tevens onderdeel 
van dit proefschrift, op de afdeling Hearing & Genes - Keel-, Neus- en Oorheelkunde 
van het Radboudumc. Na haar afstuderen in 2013 ging zij werken als docent op 
de opleiding ergotherapie aan de Hogeschool van Arnhem en Nijmegen. In 2014 
startte zij samen met een schoolvriendin een eigen orthopedagogiek praktijk 
‘De Bloeipraktijk’ te Nijmegen en gaf zij psychosociale begeleiding aan kinderen 
en hun ouders vanuit de jeugdwet. Dit deed zij naast haar werkzaamheden op 
de Hogeschool van Arnhem en Nijmegen. In 2015 kreeg zij het aanbod om een 
PhD-traject te starten op de afdeling Keel-, Neus- en Oorheelkunde van het 
Radboudumc. Zij besloot te stoppen met haar werkzaamheden als docent, om te 
kiezen voor een carrière in het wetenschappelijk onderzoek, in combinatie met 
de werkzaamheden in de  orthopedagogiek praktijk. In 2019 heeft zij besloten te 
stoppen met haar eigen praktijk om zich meer te richten op de academische 
patiënten. Momenteel werkt Merle vanuit de afdeling Medische Psychologie bij het 
Audiologisch Centrum van de afdeling Keel-, Neus-, en Oorheelkunde van het 
Radboudumc. Alhier kan zij haar ervaring combineren en werkt zij als psycholoog/
orthopedagoog, wetenschappelijk onderzoeker en docent.
Merle is partner van Rick Arts. Samen hebben zij twee kinderen: Tijmen en Fien.
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Het moment is daar, mijn proefschrift is af. Ik ben dankbaar voor alle steun die ik in 
de afgelopen jaren heb mogen ervaren om mijn proefschrift tot een goed einde 
te brengen. Een aantal mensen wil ik nog wat specifieker bedanken voor hun 
vertrouwen, steun en  bijdrage bij de totstandkoming van dit proefschrift. 
Mijn promotor Prof. dr. Emmanuel Marres. Emmanuel, jouw deur stond altijd voor 
mij open en jouw telefoon altijd aan. Voor iemand met zo’n drukke agenda heel 
bijzonder. Ik wil jou bedanken voor jouw begeleiding, adviezen en humor. Je wist 
mij altijd weer het gevoel te geven dat ik precies wist waar ik het over had. 
Mijn promotor Prof. dr. Henri Marres. Henri dank voor je nimmer aflatende ver- 
trouwen, interesse en steun. Je wist altijd overstijgend mee te kijken, richting te 
geven en mij het gevoel te geven dat het toch echt goed zou komen. Onze afspraken 
over het proefschrift, maar ook de gesprekken over andere zaken in mijn leven die 
op dat moment speelden, waren voor mij heel waardevol.
Mijn beide copromotoren, dr. Anneke Vermeulen en dr. Margreet Langereis. Ik wil 
jullie bedanken voor de kans die ik heb gekregen om dit mooie onderzoek te 
mogen uit voeren. Jullie hebben mij kennis laten maken met een fantastische 
doelgroep waar ik nog graag meer voor wil betekenen.
De leden van mijn manuscriptcommissie: Prof. dr. Willemsen, Prof. dr. Knoors en 
Prof. dr. Rieffe. Dank voor het lezen en beoordelen van dit proefschrift.
Mijn leidinggevenden Chris Verhaak en Saskia Ariëns-Meijer. Ik wil jullie graag 
bedanken voor de betrokkenheid bij dit proefschrift. Chris, jouw kritische vragen en 
opmerkingen hebben voor verdere diepgang in dit proefschrift gezorgd. Saskia, jij 
wist tijdens dit proces altijd overstijgend mee te denken en mij weer van voldoende 
kracht te voorzien om verder te gaan.
Mijn ‘roomies’ Daniëlle, Hugo, Wouter en Marloes. Dank voor de gezelligheid op 
onze kamer, het aanhoren van mijn gemopper, het maken van flauwe grappen en 
goede sfeer. Wouter, voor jou nog extra dank voor het ontwerp van mijn prachtige 
proefschrift. Super hoe jij mijn ideeën wist te vertalen naar dit mooie ontwerp 
op de cover. Marloes, jij bent de afgelopen jaren meer geworden dan alleen een 
‘roomie’. Fantastisch dat jij hier vandaag samen met mij wilt staan als paranimf. 
Op naar nog vele gezellige borrels samen met Jelmer en de kinderen.
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Mijn collega’s. Al mijn fijne collega’s van het AC en specifiek de collega’s van het 
kinder CI-team. Bedankt voor jullie interesse en ideeën. Zo gauw er weer nieuwe 
resultaten waren wilden jullie alles horen. Jolanda en Ietske, mijn psychologie 
collega’s van het AC. Ik heb meermalen beloofd dat ik jullie hier zou noemen. Jullie 
hebben meerdere onderdelen van mijn proefschrift doorgelezen en voorzien van 
feedback. Jullie hebben mijn verhalen moeten aanhoren en werden deelgenoot 
van mijn chaos tijdens het schrijven van het proefschrift. Veel dank voor jullie steun 
en positiviteit.
Alle medewerkers van Kentalis en Pento die mij hebben meegenomen in hun 
werkwijze, die hun kennis met mij wilden delen, die mij hebben ondersteund in het 
verzamelen van data en die altijd geïnteresseerd waren in wat ik kwam doen. Hans 
van Dijk en Ruben Benard, jullie wil ik specifiek bedanken voor het inhoudelijk 
meewerken aan het prachtige onderzoek van hoofdstuk 5.
Dank ook aan al mijn lieve vrienden voor de nodige afleiding, gezelligheid en 
interesse die jullie hebben getoond tijdens het schrijven van dit proefschrift. In het 
bijzonder wil ik Anne en Bart bedanken. Jullie hebben intens meegeleefd met de 
ups en downs tijdens de totstandkoming van dit proefschrift. Het is mooi om te zien 
hoe de vrijdagmiddag borrels bij Maxim met katers op de zaterdag de afgelopen 
jaren hebben plaats gemaakt voor zaterdagmiddag borrels met frietjes samen met 
onze kinderen. Prachtig hoe onze gezinnen zo gelijk op gaan. Femke, ook jou wil 
ik bedanken. Altijd oprecht geïnteresseerd, meelevend en zo zorgzaam voor mij en 
de kinderen. Ik gun jou en Pim de wereld en kan niet wachten jullie kleintje te 
ontmoeten deze zomer. 
Hans en Maartje, onze fijne buren die altijd geïnteresseerd zijn. De uren die jullie 
wilden oppassen hebben mij veel ruimte gegeven om dit proefschrift af te kunnen 
ronden. Veel dank daarvoor.
Mijn schoonfamilie. Bedankt dat jullie altijd voor ons klaar staan. We hoeven maar 
te bellen en jullie zijn er om ons te ondersteunen. 
Mijn familie. Stef en Vera en jullie prachtige kinderen, ook jullie hebben zo 
meegeleefd met dit hele proces. Stef, mijn grote broer, het is een eer dat jij vandaag 
als mijn paranimf hier samen met mij wilt staan. Papa en mama, dit proefschrift 
draag ik op aan jullie. Mama, Jij hebt me keer op keer een hart onder de riem 
gestoken als het tegen zat. Zo sterk en krachtig als jij bent, een groot voorbeeld 
voor mij. Papa, jij zei altijd: ‘zolang je wilt leren, moet je doorleren’. Jij en mama 
hebben dit mogelijk gemaakt en mij altijd gestimuleerd door te zetten. Ik heb veel 
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van jou geleerd. Vaardigheden die ik goed heb kunnen gebruiken ten tijde van dit 
proefschrift, alsook  in het leven. Het is intens verdrietig dat jij ons vroegtijdig hebt 
moeten verlaten. Ik mis je.
Als laatste wil ik mijn prachtige gezin bedanken. Lieve Tijmen en Fien, jullie hebben 
mij geleerd te relativeren en laten zien waar het echt om draait in het leven. 
Fantastisch om te ervaren hoeveel levensvreugde gehaald kan worden uit de kleine 
dagelijkse dingen. Rick, al 10 jaar aan mijn zijde. Altijd rustig, meedenkend, onder- 
steunend en stimulerend. Het geluk van ons gezin voorop. Het is niet in woorden 
uit te drukken hoe blij ik met jou ben. 
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Uitnodiging
voor het digitaal bijwonen 
van de openbare verdediging
van mijn proefschrift
Long-term psychosocial and 
executive function outcomes in 
children and adolescents with 
cochlear implants
op dinsdag 25 mei 2021
om 10.30 uur in de Aula 
van de Radboud Universiteit
Comeniuslaan 2, Nijmegen
U bent van harte welkom 
bij deze digitale plechtigheid. 
De openbare verdediging 
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